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To the Legislature of Kansas: 

The Board of Irrigation Survey and Experiment, whose existence 
was provided for by chapter 162, Laws of 1895, in obedience to the 
provisions thereof has prepared a full report of its proceedings and 
investigations, observations and experiments, including an account 
of all funds received and disbursed to January 8, 1897, which re- 
port is herewith respectfully submitted. 

D. M. Frost, 
Wm. B. Sutton, 
m. b. tomblin, 

Active MenibcTH, 
(teo. T. Fairchild, 
Erasmus Haworth, 

Advisory Members, 
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REPORT. 



INTRODUCTION. 
WM. B. SUTTON. 

The tide of immigratioD into Kansas, beginning immediately after the war, 
had swept steadily westward until in the latter SO's it had reached and covered 
the state to the Colorado line. 

These settlers brought with them the breaking plow and other agricultural 
implements, and set to work to reduce the whole state to cultivation. They made 
a brave struggle to maintain the position they had taken and to demonstrate the 
theories they had evolved but were gradually beaten back, and for years past 
the covered wagon— prairie schooner — headed eastward has been a common sight 
on the western Kansas highways. 

In 1889, according to the census of the State Board of Agriculture, the popu- 
lation of the state west of the 100th meridian was 81,279, the same territory in 
1895 according to the same authority held 49,850 souls. 

The cause of this is soon told. The settlers attempted to farm as tfiey had 
done in eastern Kansas and in the states from whence they came and it did not 
prove profitable. 

Kansas, like ancient Gaul, is divided into three parts, the eastern, middle 
and western. There is a gradual increase in elevation from east to west and a 
gradual diminution of the amount of rainfall. 

The crop conditions of the eastern part of the state compare favorably with 
tliose of any agricultural section. Those of the middle while not so favorable as 
the etistern, are such that the frugal industrious farmer steadily betters his con- 
dition and eventually acquires a competence and in very many instances achieves 
signal success. 

The condition of the farmer in middle Kansas, when all the advantages are 
ranged on one side and disadvantages on the other is as good as or better than, 
that of the farmer of almost any other section of the union. 

In the western part it is different. The altitude has increased to about 2,500 
feet on the east side and about 3,000 to 4,000 feet on the west side. Timber has 
also disappeared entirely from the uplands and but little is found along the val- 
leys. The rainfall has decreased to 15 or 20 inches per annum and but little 
water flows in the stream beds except in time of floods. 

General farming of staple crops under these conditions is in the majority of 
years unprofitable, and years of abundance are too far apart to bridge over the 
failures. The soil is not at fault and the climate is most congenial to out door 
life, but these alone are not sufiicent to sustain a dense population. 

The natural product of nearly the whole territory is buffalo grass which cures 
in the fall and furnishes a most nutritious food for stock during the winter. 

The one thing lacking seems to be water. About 1890 the subject of irriga- 
tion in the western third of the state began to bd agitated and a convention was 
held at Great Bend to consider the subject. 
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A state organizatioD was effected and the subject since then has been dis- 
cussed in conventions, through the press, and among the people. 

The federal government had done some work in the direction of investigating 
the subterranean waters of this section but not enough to warrant many definite 
conclusions on the subject. 

In this condition of affairs the state legislature in the session of 1895 passed a 
law providing for an irrigation commission and appropriated the sum of $30,000 
for the purposes of the act. 

The following is a copy of the act which is known as 

THE IRRIGATION LAW. 
(Chap. 162, Laws of 1895.) 

An Act relating to irrigation and providing for the creation of a Board of Irri- 
gation and the manner of appointment, and defining the duties thereof, 
directing that certain eixperiments in irrigation be made and making an 
appropriation therefor, and for these purposes withdrawing certain school 
lands from sale, and providing for the state to take and hold certain lands 
for the purposes of this act. 

Be it enacted by the Legislature of the State of Kansas: 

Section 1. That a board to be known as a Board of Irrigation Survey and 
Experiment is hereby created, and said board shall be composed of five mem- 
bers, two of whom shall be the geologist of the State University at Lawrence, 
and the president of the Agricultural College at Manhattan, who shall be 
advisory members of said board, and three members to be appointed by the 
governor, by and with the advice and consent of the senate of Kansas; who 
shall hold their oflSce for the period of two years, not more than two of whom 
shall belong to the same political party and may be removed for cause; said 
last mentioned three members to be appointed during the present session of 
the legislature and said board to meet and organize within ten days after the 
confirmation of the said third, fourth and fifth members; the last mentioned 
members shall be persons versed in practical irrigation, and to be active mem- 
bers thereof. The said board shall have charge of the work contemplated 
by this act. Said board, for the sake of brevity, is hereinafter referred to 
as the Board of Irrigation. 

Sec. 2. The active members of said board shall take and subscribe to an 
official oath faithfully to perform the duties imposed by this act. When said 
board shall organize and shall give bond in the sum of five thousand dollars 
each, subject to the approval of the secretary of state, the members thereof 
from their number shall select the president and a secretary of said board. 
The president shall be known as the state engineer of irrigation. 

Sec. 3. Said board shall hold its meetings at the city of Topeka quarterly, 
and its meetings shall be held at the rooms provided for the state board of 
agriculture, and it shall also hold meetings in the territory wherein the work 
of the board is being performed, at such places as the board may designate, 
due notice of time and place of meeting being given in some newspaper pub- 
lished in the county wherein such meeting is to be held, a majority of active 
members to constitute a quorum. 

Sec. 4. All surveys and records thereof required by this act shall be under 
the charge and direction of said board. 

Sec. 5. In order that there may be made a practical test of the water supply 
on the uplands of western Kansas for irrigation purposes said board shall 
cause to be constructed twenty irrigation wells and pumping stations or more 
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if possible under this appropriation, not more than one of which shall be 
located in the same county, which shall be constructed and operated under the 
tlirection of said board in such manner that correct data of the depth of wells, 
quantity of water supply, kind of pumps and power employed, and the capacity 
of each of said wells, and said board are hereby empowered to make a prac- 
tical test of the so-called underflow water for the purpose of utilizing said 
underflow water for irrigation purposes, to make a full and complete examina- 
tion of said underflow water as they may be enabled to do with the means 
placed at their command to demonstrate the best method of raising water 
to the surface and storing it for irrigation purposes, making as full and com- 
plete report of their investigations in detail, method and system employed, 
extent of flow of water supply thus secured, the availability of such water 
supply to be utilized, also to make observations, measurements and experi- 
ments to determine the quantity of water flowing annually in the streams 
west of the 98th meridian. And the amount of run-off or surface water and 
the practicability of storing the same for irrigation purposes in irrigating 
large areas and the probable cost per acre for such water supply and the 
^»xtent to which it may be utilized: Provided, That no money shall be ex- 
pended for the purchase of land, erection of permanent buildings, or ex- 
perimental farming. 

Sec. 6. There shall be prepared a full and complete drainage map or maps 
with profiles of the drainage basins and such other portions of said surveys 
necessary to carry out the Intention of this act. The said map or maps 
shall represent the topography, flood areas, geographical [geological] struc- 
ture, and all other details essential to as complete a knowledge as possible of 
the practical condition of irrigation in Kansas west of the 98th meridian. Said 
map or maps shall be executed on a scale of two miles to one inch, and be 
based on the section line and township outlines of the ofllcial land survey. 

Sec. 7. The said Board of Irrigation shall cause to be made such station 
observation of rainfall, temperature, evaporation, and soil percolation as it 
may deem necessary for a more complete knowledge of all the conditions per- 
taining to water supply for irrigation within said drainage basin west of the 
98th meridian : Provided that no part of the money hereby appropriated shall 
be used for these purposes to the prejudice of the underflow, sheet water and 
artesian work. 

Sec. 8. Said board may cause to be made borings or drillings for artesian 
water and locate storage basins in connection with said wells at such points 
as said board may deem most practicable. A complete record of such borings 
and drillings shall be preserved in the same manner and with the same de- 
tails as in the case of the underflow and jheet-water borings hereinafter 
mentioned. 

Sec. 9. It shall be the duty of said board, in the construction of said wells, 
to keep accurate data of each stratum and sub-stratum and the depth or 
thickness of each passed through in such construction and preserve a sample 
of each in duplicate, one to be retained by the Board of Irrigation, and the 
other to be used by the state in determining the geological formation of the 
territory wherein such wells and stations may be located. And there shall 
be made to saW Board of Irrigation a monthly report by the State Agricul- 
tural College of the work being done at the experimental stations under its 
charge and control. 

Sec. 10. There shall be deposited with the State University, the State 
Agricultural College, and the Board of Irrigation, a true and correct copy of 
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each and every survey and profile, field notes, plat, map or maps thereof, as 
soon after the originals are made as possible; the originals shall be kept as 
public property of the state wherever the Board of Irrigation may direct. • 

Sec. 11. It shall be the duty of the board in selecting sites and locations for 
said stations and wells, to locate the same upon the unoccupied school lands 
of the state where practicable, if there be such in the county wherein such 
stations shall be located. In the event that no unoccupied school lands shall 
be available to locate auy such wells or stations in any county wherein such sta- 
tion or well shall hereinafter be located as hereinbefore provided, then said 
board shall receive donations from any municipal corporation, corporation, 
company, association, individual or individuals, of a sufiicient quantity of land, 
not less than forty acres, upon which to locate such station or well, and before 
such station or well shall be located thereon a good and sufficient warranty 
deed shall be made to the state of Kansas, for said lands, and it shall be the 
duty of said board to investigate the title of said land and ascertain that 
the same is perfect. And said board may call to their assistance any county 
attorney in the state to assist in perfecting the title to any such land, and it 
is hereby made the duty of each county attorney to perform such services, 
and no money hereby appropriated shall be paid for the purchase of land 
under any event: Provided, That the state is hereby empowered to take and 
to hold any such land for the purposes herein indicated. 

Sec. 12. For the purposes of this act all the unoccupied school lands of the 
state west of the 98th meridian are hereby withdrawn from sale for the period 
of two years, and shall only be placed on sale again by the order of the state 
superintendent of public instruction, the price at which said lands shall be 
offered for sale to be fixed by the state superintendent of public instruction, 
the secretary of the state board of agriculture and secretary of state, with 
special reference to the improvements thereon, then to be sold on competitive 
bids at not less than the value fixed in accordance with the law governing 
the sale of school lands. 

Sec. 13. It shall be the duty of said board in prosecuting the work of con- 
structing said stations and wells, to advertise for sealed proposals for thirty 
days in the official county paper where said station or well is to be located and 
to let the same to the lowest responsible bidder, reserving the right to reject 
any and all bids, the contractor to furnish a good and sufficient bond, payable to 
the state of Kansas, in a sum equal to double the amount of the contract 
price for constructing any such well or station, and there shall be retained 
twenty per cent, of the contract price until thirty days after the completion 
of said well and shall not be paid until such contractor shall furnish to said 
board authentic receipts for all work or labor performed and for material 
furnished in the construction of any such station or well: Provided, that in 
each and every contract made by said Board of Irrigation, all things being 
equal, it shall let the contract to the person or persons living nearest the 
location of the work to be done. 

Sec. 14. The Board of Irrigation shall make a full report of their proceed- 
ings to the legislature at its next session, which report shall include an account 
of all funds received and disbursed by them showing the details of all ex- 
penditures, to whom and for what purposes paid. There shall be embodied in 
this report, in addition to the foregoing requirements, such other matters 
relative to the subject of this act as said board shall unanimously order and 
none other. 

Sec. 15. Each active member of said board shall receive for his services the 
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sum of ten hundred dollars per year, which shall be paid in quarterly install- 
ments by the state treasurer on the warrant of the state auditor, and esuch 
shall be entitled to actual expenses for transportation in the performance of 
his duties. 

Sec. 16. The payment of all moneys under the provisions of this act not 
hereinbefore provided for shall be upon vouchers duly sworn to and approved 
by the board and payable by the state treasurer upon the warrant of the 
state auditor. ' 

Sec. 17. It shall be the duty of said board, upon completion of such sta- 
tions and wells to lease or sub-let the same to responsible parties upan such 
conditions and terms and under such rules and regulations as the board may 
prescribe. 

Sec. 18. To carry out the provisions of this act the sum of thirty thousand 
dollars (30,000), or as much thereof as may be necessary, is hereby appro- 
priated out of the funds in the state treasury not otherwise appropriated. 

Sec. 19. All acts or parts of acts in conflict with the provisions of this act 
are hereby repealed. 

Sec. 20. This act shall take effect and be in force from and after its publi- 
ration in the Topeka Daily Capital. 

COMMENTS ON THE LAW. 

The student of this act will be bewildered by its ample commands, and meager 
appropriation for the purposes intended. The original bill provided for $50,000 
which was reduced to $30,000 without any decrease in the requirements of the 
work; a very high authority upon work of the character contemplated by this 
bill, (Prof. F. H. Newell, Chief Hydrographer U. S. Geological Survey,) very 
soon after its passage, in a letter to the Board uses this language : '' A copy of 
the irrigation act, passed by the Kansas legislature, has just been received. The 
act, I note, instructs your board to do an extraordinary 'number of things, all of 
whicji cannot be satisfactorily accomplished for many times the sum appro- 
priated; but I suppose you will try to do those things deemed most essential and 
which will yield the most immediate results. '^ 

The following is a list or analysis of the most important things which the bill 
provides to be done. 

1. To construct twenty or more irrigation wells and pumping stations on the 
uplands, keeping correct data of the depth of the wells ; quantity of water sup- 
ply ; kinds of pumps and power used ; capacity of each of said wells. 

2. To make a practical test of the so-called underflow water for irrigation 
purposes. 

3. A full report after complete examination of the underflow water. 

4. To demonstrate the best method of raising water to the surface, and stor 
ing it for irrigating purposes. 

5. To make a detailed report of results in raising water. 

6. To make observations, measurements and experiments to determine the 
quantity of water flowing annually in the streamsVest of the 98th meridian. 

7. The amouBt of the run off or surface water, and the practicability of stor- 
ing the same for irrigation purposes. 

8. The probable cost per acre, and the extent to which it may be utilized. 

9. No money shall be expended for the purchase of lands, erection of perma- 
nent buildings, or experimental farming. 

10. The preparation of a full and complete map or maps with profiles of the 
drainage basins, etc., showing "topography flood areas, geographical [geological] 
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structure, and all other details essential to the complete knowledge of the practi- 
cal condition of irrigation in Kansas west of the 98th meridian/' all executed on 
the scale of two miles to the inch, and bad)^ on the official survey. 

11. Station observations of rainfall, temperature, evaporation and soil perco- 
lation necessary to a complete knowledge of all the conditions pertaining to water 
supply for irrigation west of the 98th meridian. 

12. To make borings or drillings for artesian water, and to locate drainage 
basins. 

13. To keep accurate data of each stratum and sub-stratum, and the depth or 
thickness of each, and preserve samples of each in duplicate. 

14. To deposit with the State University and State Agricultural College a 
true and correct copy of each and every survey and profile, field notes, plat, or 
map. 

15. To locate the stations and wells upon unoccupied school lands where prac- 
ticable. 

16. To receive donations of land not less than 40 acres. 

17. In prosecuting the work of constructing stations and wells to advertise 
for sealed proposals for 30 days, and to let the same to the lowest responsible 
bidder, reserving the right to reject any and all bids, and all things being equal 
to let the contract to the person living nearest to the location of the work. 

18. To make full report to the next legislature, embracing their proceedings 
and such other matter as all the commissioners agree upon. 

19. To lease or sublet the stations when completed to responsible persons. 

APPOINTMENT AND ORGANIZATION OF BOARD. 

On the 6th day of March, 1895, the senate confirmed the appointment by Grov. 
E. N. Morrill of D. M. Frost, of Garden City, M. B. Tomblin, of Goodland, 
and Wm. B. Sutton, of Russell, as members of the Board of Irrigation, and on 
the 7th day of March they were each duly commissioned by the governor as such 
and immediately entered upon the discharge of their duties. 

The Board met in the rooms of the secretary of agriculture in the capitol on 
the 13th day of March, 1895. There were present Geo. T. Fairchild, president 
of the state agricultural college, Manhattan, Kas., Erasmus Ha worth, professor 
of geology, state university, Lawrence, Kas., D. M. Frost, M. B. Tomblin, and 
Wm. B. Sutton. The Board organized by electing D. M. Frost president and 
Wm. B. Sutton secretary, which organization has continued. 

SCOPE OF WORK. 

The Board realized at once the impossibility of doing all that was embraced 
in the act with the appropriation made, and after repeated consultations decided 
to attempt the following: 

1. To sink 20 wells and erect 20 stations, and test the yield therefrom as far 
as practicable. 

2. To find the boundaries of the underflow waters, and map the same with as 
much detail as the means at hand would permit. 

3. As far as possible to ascertain the depth of, and quantity of water furnished 
by, the underflow. 

4. To measure the quantity of water flowing in the streams west of the 98th 
meridian. 

5. To institute accurate tests of the efficiency of different forms of pumps de- 
signed to lift water from wells. 

6. To gather accurate statistics as to the extent of irrigation west of the 98th 
meridian. 
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As A prelimiDary step the territory was divided into three districts. The 
northern one, consisting of the two northerly tiers of counties, was assigned to 
Mr. Tomblin; the middle one, consisting of the next two tiers of counties, was 
assigned to Mr. Sutton; and the remaining counties to Mr. Frost. 

Stations were located in the following counties : Rawlins, Sherman, Books, 
Trego, Logan, Wallace, Greeley, Wichita, Lane, Hodgeman, Hamilton, Grant, 
Haskell, Gray, Ford, and Seward: and were numbered one to nineteen, inclusive. 

SPECIFICATIONS. 

It was determined that a pumping station should consist of a well, pump, 

power to operate pump, and a reservoir for the water. 

Specifications for the construction of those were prepared, a copy of which in 

blank is as follows : 

WELL. 

To be located at the spot indicated by the Board, and to be of sufficient 
diameter to leceive a 6-inch vertical, tubular well-pipe, and to be perpen- 
dicular. Depth to be feet more or less, and to reach to the bottom of 

the lowest water-bearing stratum when practicable and so ordered. The con- 
tractor shall keep (on blanks furnished by the Board) accurate data of each 
stratum and substratum passed through, the depth and thickness of each, and 
preserve a sample equal to at least a 6-incli cube of each. He shall box these 
samples, correctly numbered to correspond with the numbers of the strajta 
in the order in which they are encountered, and shall ship these samples by 
freight, from the nearest railroad station, consigned to the State Board of 
Irrigation, Topeka, Kas. The receipts for these boxes shall be forwarded, 
with a detailed statement of the number, depth and thickness of the strata, 
to said Board. The bidder must examine the ground for himself, judge for 
himself as to the materials to be encountered, and make his bid accordingly, 
and no bills for extras will be allowed under any circumstances. The amount 
of the bid shall include pulling the casing up to the top of the strainer after 
the latter has been put in place by the pump contractor. If galvanized-iron 
casing is necessary, the extra charge for same shall be specified in the pro- 
posal. 

CASING. 

There will be furnished to the well contractor, to be properly put in place 
by him, standard wrought-iron lap-welded pipe for the well casing, which 
shall be of six Inches inside diameter, and of suitable tested strength, with 
the necessary standard couplings. The casing shall be delivered to the well 
contractor at the site within 10 days after award of contract for same. Delay 
in delivery of casing shall work penalty same as below. The well to be com- 
pleted and the casing properly in place (except the pulling up of same) within 
20 days after the award of the contract. The state of Kansas will retain a 
penalty of $10 for each day after the si>ecifled time un^il the contractor's 
work shall be properly completed, as and for liquidated damages. Time is 
of the essence of this contract. 

PUMI'. . 

The pump shall be of an approved pattern, having capacity equal to a 
cylinder of 5% inches diameter and 41! inches length, with valves and connec- 
tions capable of lifting the cylinder capacity of water as per stroke applied. 
The pump shall be of the best and most durable material, below which shall be 
fitted a suitable strainer of the largest diameter practicable, and of some 
standard or approved pattern. Rods connecting plunger to power shall be 
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of suitable material and strength. Pump, cylinder, Btrainer and rods to be 
fully described in the proposal. Above the casing there shall be erected a 
stand-pipe extending two feet above the height to which water is to be 
pumped, furnished with T spout 'and substantially supported pipe or flume 
of suitable size and length to carry water beyond the foot of the inner slope 
of the reservoir embankment, which point of discharge shall not be more 
than 25 feet from the well. Top of well to be provided with pit 4 feet by 4 
feet, 6 feet deep, cribbed and covered with 2-inch plank, cover to have man- 
hole. Casipg to be provided with cock 4 feet below surface of ground, and 
tool for opening and shutting same. The plunger connections shall be fur- 
nished by the pump contractor, complete, to a point above the top of the 
stand-pipe, which point will generally be about 7 feet above the surface of the 
ground. The cylinder strainer shall be of such length as the Board shall 
determine, and shall be closed at bottom to the satisfaction of the Board. 
I'he strainer, pump, cylinder, plunger and all connections shall be in place 
and in working order within 15 days after the completion of the well con- 
tract. The state of Kansas will retain a penalty of $10 for each day after the 
specified time until the contractor shall have completed his work to the sat- 
isfaction of the Board, as and for liquidated damages. Time is of the essence 

of this contract. 

WINDMILL. 

Windmill to be of suitable size, strength and durability to operate the 
pump to the fullest extent of the cylinder capacity, as per stroke applied, and 
to run in winds of from 10 to 40 miles per hour. Mill to be described in pro- 
posal, giving diameter and power. Tower to be of suitable strength, 40 feet 
in height, founded on suitable anchor posts at least 6 feet in ground, the feet 
of which shall be suitable plates. Proposal to include accurate specifications 
of tower. All of the above to be of the best material and construction, and to 
be fully warranted for one year, and guaranteed to do the work required by 
these specifications. At the option of the Board, the mill shall be operated 
under the management of the contractor for 30 days after completion before 
final acceptance by the Board. The contractor shall furnish the necessary 
wrenches and the usual extras. The mill is to be erected and in working 
order within 15 days after the completion of the well contract. The state of 
Kansas will retain a penalty of $10 for each day after the specified time until 
the mill shall be complete and in working order, as and for liquidated dam- 
aj!:e6. Time is of the essence of this contract. 

GASOLINE ENGINE. 

The engine shall be provided with and set on a suitable foundation, properly 
connected to pump, with suitable jack and have ample power and be guar- 
anteed to work satisfactorily for a period of one year. Any parts of same 
wJiich may. be found to be defective within that time, either as to material or 
workmanship, shall be replaced in working order by the contractor at his 
own expense. The engine shall be thoroughly well-built in every particular, 
and neatly and attractively finished. Shaft and connecing rod to be of forged 
steel. Main bearings to be of approved pattern and materials of ample diame- 
ter and length, with adjustable brasses at crank and wrist pins. Engine to 
be complete in all details, including the following items: Necessary oil cups; 
one galvanized steel supply tank for gasoline, having a capacity of 53 gallons; 
necessary piping for connecting gasoline tank 20 feet away from the engine, 
fitted with proper ignition attachments; 20 feet of exhaust pipe; a galvanized 
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iron circulatiug tank for water (to keep cylinder properly cool) and of suffi- 
'cient capacity therefor. The main gasoline supply tank (excepting the pipe 
through which it is filled), as well as the pipes from this tank to the engine 
(excepting the portion of the pipe within the house), shall be underground. 
The contractor shall furnish oil can and necessary wrenches. Bidder shall 
give detailed specifications of engine. Jack and connections, and shall state 
actual and indicated horse power of eng^ine. After completion and when in 
working order the engine shall do two days' pumping of 10 hours each at the 
expense of the contractor and to the satisfaction of the Board. The engine 
to be in place complete and in working order within 10 days after the com- 
pletion of the well contract. The state of Kansas will retain a penalty of $10 
for each day after the specified time until the engine shall be complete and in 
working order, as and for liquidated damages. Time is of the essence of this 

contract. 

RESERVOIR. 

The reservoir shall be of the following dimensions: 80 feet north and 
south, and 125 feet east and west, inside, bottom measurements. The above 
space and a margin 12 feet in width all around the same (if sod) to be plowed 
with breaking plow and sod removed; the entire area to be then plowed and 
sciaped out on a grade from surface of ground on outer sides to a depth of 
three feet below surface in center. The entire area shall then be plowed four 
inches deep, thoroughly harrowed and pulverized into dust, and saturated 
with water to the depth of the plowing. Water shall then be shut off and 
bottom tramped evenly and hard with horses till their tread makes no impres- 
sion. In case the area be sand, and the Board shall so order, the contractor 
shall cart in a depth of 4 inches of clay loam or black soil, which shall be 
used for puddling. The embankments shall then be built four feet high, out- 
side measurement, of the earth previously removed, 12 feet wide at the bot- 
tom, two feet on top, and regular grade, and shall be saturated with water as 
they rise. Bottom and sides shall be made water-tight. Sod shall not be 
used within four feet of the center of the embankment. The sides and top 
of embankment, and inside of same to within three feet of bottom, to be 
neatly and evenly sodded with living sod three inches thick. The reservoir 
shall have two outlet pipes and valves not less than six inches in diameter, 
with suitable and satisfactory apparatus to operate the same from the ground 
outside of embankments, to be on a level with outside ground and located as 
directed. The pipes to be put in place before the embankment is started, and 
the bank to be thoroughly puddled under and about them. The valves and 
pipes Will be furnished to the contractor at nearest railroad station. The 
reservoir, including pipes and valves, to be complete within 20 days after the 
pump is started. The state of Kansas wiirretaln a penalty of |5 for each day 
after the specified time until the contractor shall have completed his work to 
the satisfaction of the Board, as and for liquidated damages. Time is of 

the essence of this contract. 

GENERAL. 

Notification in writing from the Board, through the Secretary, to the bidder, 
that any of his bids has been accepted shall make him contractor for such 
portion or portions of the work; subject, however, to the acceptance by the 
Board of the contractor's bond, which must be furnished within 10 days. The 
work to be done in accordance with such of these specifications as pertain 
thereto. In case bidder fails to furnish satisfactory bond. Board will let con- 
tract to another bidder. Any contractor may, at his option, tender a bid. 
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upcn the blank lines left for that purpose, for the entire pumping station^ 
or for any part or division thereof, other than as herein divided. Any bidder 
may, at his option, append additional specifications for any portion of the 
work or materials. The Board reserves the right to reject any or all bids. 
Each bid, except for well or reservoir, must be accompanied by a certified 
check for the sum of $25, payable to the state of Kansas, as a guaranty that 
the bidder, if awarded the contract, will furnish to the Board, within 10 days 
thereafter, a satisfactory bond to insure the completion of the work under 
the contract. The amounts named in proposals are to cover all expenses in- 
curred by the contractor, or chargeable to the Board, whether for labor, 
material, freight, drayage, or of whatever nature. The Board will retain 20 
per cent of the contract price until 30 days after the completion of the work, 
and until the contractor shall furnish to the Board authentic receipts for all 
material and labor entering into the construction of that portion of the station 
covered by this contract. No bills for "extras" shall be allowed to the con- 
tractor under any circumstances, unless authorized by the Board in writing. 
All material, mechanism and workmanship entering into the constructioik 
of the station, or any part thereof, must be first-class in every particular, 
and satisfactory to the Board or its agent in charge duly authorized in writing. 
Any pipes, strainer sections, couplings, lumber, hardware or other material 
or supplies which contractor fumiahes beyond the requirements of the station 
when completed shall belong to the contractor, and shall be promptly re- 
moved by him, and the Board will not in any case be responsible for them. 
No refuse or scraps shall be left upon the site, but each contractor shall "clean 
up" when his work is done. Each and every provision of the irrigation law 
of 1895 applicable is made a part of these specifications. The Board reserves 
the right to stop the work and discharge the contractor at any stage, and pay 
for Ihe work done at contract rate. The above genera] specifications apply to 
every contract let by the Board. 

PROPOSAL. 

The undersigned proposes and agrees to furnish in place at Station Num- 
ber , located on section , town , range county. 

Kansas, the following portions of the equipment, or either any or all of thp 
portions itemized below, at the prices named; to be furnished and erected 
In accordance with the specifications of the Board (and the further specifi- 
cations hereto attached by the undersigned) and made a part hereof: 

1. WELL. Excavating well and putting casing in place, recording 

depth of strata, boxing and shipping samples, per foot of depth. . | 

Extra price per foot of distance which w^ell may go (if any) through 
solid rock, the Board to be the exclusive judge as to what is and 
what is not solid rock | 

2. I'UMP. Pump, cylinder, strainer, valves and connections com- 

plete, T spout, flume, pit, and all necessary details | 

Standard wrought-iron, lap-welded casing with couplings, per foot 

of length % 

3. POWER. Windmill, tower, anchorages, plunger-rod and connec- 

tions down to the top of the stand-pipe | 

Gasoline engine with foundation, tanks, pipes, belting and all other 

essentials to a proper operation of the pump | 

4. RESERVOIR, with boxes, etc., complete % 

Carting in clay, loam, or soil, if so ordered | 

Signature: . Address: . 
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BOND. 

Know all men by these presents, that we of Kan- 
sas, as principal , and of Kansas of Kan- 
sas, of Kansas, as sureties, are held and firmly bound unto 

the state of Kansas, in the penal sum of dollars, lawful money of the 

United States, to the payment of which, well and truly to be made, we bind 
ourselves, our heirs, executors, administrators and assigns, jointly and sev- 
erally firmly by these presents. 

Whereas, the above bounden was, on the day of , 189 . . , 

duly awarded by the State Board of Irrigation a contract for furnishing in 
place at pumping station No. . . in county, Kansas, 

Now, therefore, the condition of the above obligation is such that, If the 

said shall well, faithfully and fully perform his contract, and comply 

with the specifications thereto attached, then this obligation shall be void and 
of no effect; otherwise to be and remain in full force. 

Witness our hands this day of 189. . . 



State of Kansas, county, ss. Be it remembered that on this 

day of , 189. ., before me, a notary public in and for the said county 

and state, personally appeared and who are personally 

known to me to be the same persons who executed the foregoing instrument,, 
and duly acknowledge the execution of the same. 

In witness whereof I have hereunto set my hand and aflixed my official 
seal, this day of 189. . . Notary Public. 

State of Kansas, county, ss , , and 

being duly and solemnly sworn, does each for himself depose and say, that 

he is a resident of the said county and state, and is worth the sum of 

(I ) dollars, over and above all debts, liabilities and exemptions. So help 

me God. 



Subscribed and sworn to before me this day of 189 . . . 

Notary Public. 

ADVERTISEMENT FOR BIDS. 

When a location was agreed upon notice was published in the official paper of 
the county where the station was to be erected. The following is a sample : 

[First Publication Saturday, April 6, 1896.] 

SEALED PROPOSALS. 

Sealed proposals will be received bv the State Board of Irrigation on and 
prior to the 7th day of May, 1895, for the construction of a pumping station to 
consist of : 1st, well ; 2d, power and pump ; 3d, reservoir ; all to be located in 
township 11 south, range 32 west 6th Principal Meridian, within two miles of the 
city of Oakley, in Logan county, Kansas. 

Specifications for the above work as a whole and in divisions may be had on 
application to the Secretary of the Board at Russell, Kansas, or at the office of 
the Board in the Capitol at Topeka. WM. B. SUTTON, Secretary, 

The Secretary kept a mailing list of the names and post-office address of all 
persons inquiring about this work, and a copy of the notice as above was sent to 
each one of them. 



Digitized by 



Google 



16 



Report of the Irrigation Board. 



A copy of specifications, including proposal blanks, bond and envelope for in- 
closing bid was sent to every inquirer. 

At the first meeting of the Board after the expiration of the time linuted, 
the Board opened the bids, tabulated them, heard all persons requesting a hear- 
ing and awarded the contracts. 

Curiosity was great in reference to the first stations, and more than 100 sets 
of specifications were called for, and numerous bids submitted. Later on as the 
requirements of the specifications became better known, bidders were fewer, and 
it was with great difficulty that responsible parties were found to undertake the 
work at reasonable figures. 

HISTORY AND DESCRIPTION OF THE STATIONS. 

Here is given a tabulated statement of the wells sunk and stations erected, 
with their locations and a condensed description of their equipments : 



No. 



County. 



Depth 

of well, 

feet. 



Depth 

to 

water, 

feet. 



Hamilton. . . 196 

Gray «l 

Grant ! 211 



I 166 

., 16Z 

I 

Wichita ... i 16314 



Sherman. 
Loffan 



1 



. I Greeley., 
) Lane.. . 



145 

70 



170 
42 
12i 

127H 
98 

74H 

75 



i Haskell ■ 291 



10. 
11. 
12. 
18. 



15. 

16. 

17 

18. 
19 



110 
213 

192Vi 
Seward ; 172 



Trejfo... 
Rawiinti . 
Rooks. .. 
Ford 



Sheridan . . . 
Hodireman., 



277 



TreKO i 116 

Greeley I 113 

Wallace.... 44 



Loweft stratum 
reached. 



Soaps(toae 

Sand and gravel . 
Black shale 



Pump u.sed. 



C-ouk cylinder, 5H x 



42 incneH. 

Frizell tabular 8- 
inch cylinder 

Woodmanse butter- 
fly valye, 5HzS feet 



Grayel • Cook, 5H z60 inches, 



Rock.. 
Shale . 



Cook, 7H X 60 inches, 

Woodmanse butter- 
fly. 5Hx8 feet 



Soapstone i Cook. ^S x 42 inches,! 

Shale 



Power used. 



16-foot steel b.^. Ideal 
windmill. 

Crane irrigator, 14- 
foot steel b. ff . 

14-foot Mofful, steel 
b. K. windmill. 

25-fuot Eclinse. solid 
wooden wheel. 

10-horse power Fair- 
banks, Morse &. Co. 
gasoline engine. 

14-foot .steel b.g. Ideal 
windmill. 

16-foot steel b.g. Ideal 
windmill. 



.V2 Shale I Woodmanse butter 

fly ▼alve.5Hx8 feet. 



202 



188 
34 
122 

109 



! Shale 

Soapstone.. . . 
Black shale. . 
Gravel 



Shale.. 



128 Blue claj . 



96 



Shale.. 
' Shale.. 



32ys t Shale.. 

1 



Cook, 54x42. 



Cook, 44x42 

Frizell tabular, 5x 
30 

Frizell tubular, 5Hx 
30 inches 

C<K)k, 54x42 



14-foot Mogul, b.g. 
steel windmill. 

2S-foot Halladay 
standard sectional 
wood windmill. 



16- foot b. g. Ideal. 



14-foot Crane irriga- 
tor, b. g. steel. 

16-foot Ideal, b. g. 
steel windmill. 

l&-foot b.ff.steel Pair- 
banks, Horse Sl Co. 
windmill. 



Frizell tubular, 53^4 x ! 

:« I Fairbanks, Morse &, 

Co., b. g. l6-foot 
! steel windmill. 



54x40 Fairbanks,, 

Morse & Co ■ 12-foot Fairbanks. 

Morse A Co.. ."rtoel 
b. g. windmill. 
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The following is a more extended history and description of each station, be- 
g^ning at 

STATION No. 1. HAMILTON COUNTY. 

This station was located upon recommendation of Mr. Frost upon unoccu- 
pied school-lands, section 36, township 23, range 39. Hamilton county. 

On May 1st, 1895, the contracts for its construction were let, due publication 
having been made for thirty days in the official paper of Hamilton County, and 
copies of the specifications sent out to all applicants. The contract for the well 
was let to J. C. Lupton, Syracuse, Kas. The pump and casing to the United 
States Water and Steam Supply Company, of Kansas City, Mo. The power, 
windmill and tower, to the Stover Manufacturing Company, Freeport, 111. The 
reservoir to F. M. Kelley, Kendall, Kas. 

This is a tubular well and when completed was 196 feet deep; diameter, 6 
inches; depth to water, 170 feet, and reached lowest water bearing stratum above 
shale. 

The pump a Cook cylinder 5>^ in. x 42 in., furnished with Cook sand screen 
No. 10, 5J^ in. X 16 ft. 

The power, a 16-foot steel, back-geared Ideal windmill upon a 40-foot steel 
tower. 

The reservoir 80x125 feet ; embankments outside 4 feet, inside 5^ feet. 

The cost of this plant was $869.12, and there has been expended upon it in re- 
pairs, $25.80. 

The supply of water was good and sufficient for the pump with the power 
employed. The stroke of the mill is 16 inches. Size of cylinder, 5>^x42 inches 
Maximum capacity of each stroke, 1.64 gallons. Maximum capacity per minute 
at 20 strokes, 32.8 gallons. Maximum capacity per hour, reckoning efficiency of 
pump at 75 per cent., 1,476 gallons. 

The great storm of April 28, 1896, blew over the mill and tower and completely 
wrecked both. The contractors, the Stover Manufacturing Company, of Free- 
port, 111., were immediately notified, and requested to replace them. They still 
neglect and refuse to comply. 

Becokd of Strata passed through in sinking well at station No. 1, southeast quarter of north- 
east quarter of section 36, township 23 « range 39 west, sixth principal meridian, Hamilton 
county, Kansas. 



Stratum 
and sample 


Depth (in feet) from 
surface to— 


Thickness 

(in feet) 

of stratum. 


Distance, 

top of 

ground to 

flrst water, 

feet. 


Exact dis- 
tance, top 
of ground 
to top of 

water 

when 

finished, 

feet. 


Characteristics : 
Color, hardness, pop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 




IH 
8 

14 

71 

99 
105 
110 
130 
142 
155 
164 
170 
180 
187 
192 

196 


1V4 

6V4 

6 
57 
28 

6 

K 

20 
12 
13 

9 

6 
10 

7 

5 

4 






Top soil. 


2 


8 
14 
71 
99 
106 
110 
130 
142 
155 
164 
170 
180 
187 

192 






Light subsoil. 


3 






Qypsum. 


4 






Sand and gravel. 


5 






Solid rock. 


6 






Sand and gravel. 


7 






Red gypsum. 
Sandy clay. 


8 






9 






Qravel and boulders. 


10 






Fine vellow sand. 


11 






Gravel. 


12 






Clay. 


13 






Water, sand and gravel. 

Water gravel. 

Fine sand at bottom of 


14 






15 






16 






water stratum. 
Yellow shale or soap- 








stone. 



—2 
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On May 15, 1896, the followiDg petition, signed by 155 citizens of Hamilton 
and Kearney counties was presented to the Board : 

" To the Honorable State Board of Irrigation : From the fact that the wind- 
mill at the state pumping plant situated in Hamilton county has blown down 
and is destroyed and it is understood that your honorable Board contemplates 
the erection of another windmill, we the undersigned citizens of Hamilton and 
Kearney counties respectfully petition your honorable Board, that the money 
necessary for the erection of a new mill and as much more as the Board may see 
fit to appropriate be expended in sinking the present well deeper, and demon- 
strating at what depth artesian water can be obtained." 

The Board came to the conclusion that work then under way and to which 
the Board was committed, would so nearly absorb the funds on hand, that it was 
not justified in complying with the prayer of the petition. 



STATION No. 2. GRAY COUNTY. 

Located upon the recommendation of Mr. Frost upon unoccupied schtx)!- 
lands. S.E. ^4 of S.W. ^4, Sec. 16, T. 26, R. 28, Gray county. 

After due publication for Fealed propoFals for 30 days in the official paper of 
Gray county, and the sending out of the specifications to all inquirers, the con- 
tract was let as follows, on May 1, 1895 : 

Well, pump, power and reservoir to Crane & Co., Kansas City, Mo., and cost 
completed [$789.87. This well was dug and walled with brick 4 feet in diame- 
ter, depth, 61 feet ; depth to water 42 feet. 

The power used is a 14 foot steel, back geared windmill; named the '* Crane 
Irrigator," erected upon a 40- foot steel tower. 

The reservoir is 80x125 feet; embankment, 4 feet outside and oj^o f^et inside. 

On account of the sandy soil in which the reservoir was constructed about 50 
wagon loads of clay were carted and thoroughly puddled into the bottom and 
sides before it would hold water. 

The pump is a Frizell tubular cylinder 8 inches in diameter. 

The supply of water at this station is abundant. 

Present condition is good, and reservoir holds water fairly well considering 
the material of which it is composed. 

The storm of April 28, 1896, [blew the mill oflF the tower. The contractors 
promptly repaired it without charge. 

A drawing showing the details of its construction is given. See Fig. 1. 

Becord of Strata passed through in sinking well at Station No. 2, southeast quarter of south- 
west quarter of section 16, township 26. range 28 west, sixth principal meridian, Gray 
county, KansaB. 



Stratum 
and sample 


Depth ( in feet) from 
surface to- 


Thickness 

(in feet) 

of stratum. 


Distance, 

top of 

ground to 

first water, 

feet. 


Exact dis- 
tance, top 
of ground 
to top of 

water 

when well 

finished, 

feet. 


Characteristics : 
Color, hardness, pop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 




3 

17 
19 

234 

264 

29 

304 

384 

41 

61 


3 
14 
2 

i'' 

24 
14 
8 

24 
20 


42 


42 


Very sandy. 
Sand. 


2 


3 
17 

19 

23>/4 
26^ 
29 

41 


3 






Clay. 
Sand. 


4 






5 






Clay. 

Clay. 

Sand and gxayel. 

Sand. 


6 






7 






8 






9 






Clay and gravel. 
Water • bearing sand 
and gravel. 


10 
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Fig. 1. 
Station No. 2, Gray county. (Cimarron.) 
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STATION No. 3. GRANT COUNTY. 

Located [upon the recommendation of Mr. Froet upon unoccupied school- 
lands, N.W. ^ of N.W. H of Sec. 36, T. 29, R. 37, Grant county. 

After due publication for sealed proposals, and distribution of specifications 
the contracts for this station were let as follows, on May 1, 1895 : 

Well, to Wm. Morrison, Shockeyyille, Kas. Pump, casing and power to the 
Woodmanse & Hewitt Mfg. Co., Freeport, 111. Reservoir, to Jerry Broiler, 
Ulysses, Kas. 

The cost of this plant completed, was $937.91 ; repairs on same, $126.04 ; op- 
erating, $8. 

The total depth of the well is 231 ft.; depth to water, 123 ft. This well 
reaches the shale floor on which rests the tertiary formation, containing the 
western underflow. 

The power used is a 14-ft. steel, back geared mill, called " The Mogul," man 
ufactured by the contractors. 

The pump is the butterfly valve pattern, 5^^ inches in diameter. 

Reservoir, 80x125 feet ; height of walls outside, 4 feet ; inside, 5J^ feet. 

The supply of water at this plant is abundant. 

Present condition of the plant is good. 

The storm of April 28, 1896, blew the mill off the tower, but it was promptly 
replaced with a new one by the Woodmanse A Hewitt Manufacturing Co., the 
contractors, without charge. 

Rbcobd of Strata passed thronsh in sinking well at station No. 3, northwest quarter of north 
west quarter of section 36, township 29, ran«re 37 west, sixth principal meridian, Grant 
county, Kansas. 



Stratum 
and samole 


Depth (in feet) from 
surface to — 


Thickness 

(in feet) 

of stratum. 


Distance, 

top of 
ground to 
first water. 


Exact dis- 
tance, top 
of ground 

to top of 

water 
when well 

finished. 


Characteristics : 
Color, hardness, pop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 . 




2 

8 
16 
21 
35 
70 
79 

91 

93 
100 
109 
120 
124 
141 

148 
153 

154 
157 
165 
170 

172H 

185 
199 
202 

212 

220 


2 

6 

8 

5 
14 
35 

9 

12 

2 

7 

9 
11 

4 
20 

4 
5 

1 
3 

8 
5 

2H 

12K 
14 
3 

10 
8 
11 


123 


123 


Top soil. 


2 


2 

8 
16 
21 
35 
70 

79 

91 

93 
100 
109 
120 
124 

144 

148 

153 
164 
157 
165 

170 

172K 

185 
199 

202 
212 

220 


Clay and gypsum. 


3 






Ashy. 


4 






Red sand, hard. 


5 






Gypsum, yery hard. 


6 • 

7 












g 






hard. 
Red sand, hard. 


9 






Gray sand, soft. 


10 






Red sand, hard. 


11 






Red sand, soft. 


12 






Sandy clay, hard. 


13 






Clay. 


14 

15 






Joint clay, water-bear- 






ing. 
Hard red clay, dry. 


16 






Red sand, water-bear- 


17 






ing. 
Hard red clay, dry. 


18 






Gvpsum, hara, dry. 


19 






Sand, water-bearing. 


20 






Joint clay, water-bear- 


21 






ing. 
Coarse sand, water- 


22 






bearing. 
Red clay, dry. 


23 






Sand, water-bearing. 


24 






Joint clay, water-bear- 


25 






Sand, water-bearing. 


26 

27 






Rock, dry. 






Blue shale, dry. 
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ThiB well was drilled and S-inch artesian well casing was sunk 211 feet; inside 
of this was suspended 185 feet of 6-incli pipe and the cylinder, below which was 
24 feet of 4-inch pipe, 8 feet of which was perforated. After the mill was put to 
work the sand and mud filled up the well 27 feet, and the pump pipe 36 feet. 
The pump was then taken out, 55 feet of No. 20 galvanized iron casing was 
dropped inside of the 8-inch artesian well casing; this galvanized iron casing was 
7 inches in diameter and was perforated from the inside with a cold chisel, about 
72 x)erforations to the lineal foot. The artesian well casing was then drawn up 
nearly to the top of the galvanized iron casing. The pump was then replaced on 
155 feet of 6-inch pipe, having below the cylinder 16 feet of 4-inch pipe and 8 feet 
of 4-inch sand-screen. This worked well. When the mill was repaired in 1896 a 
stronger pump was substituted for the old one by the contractor, at his own 
expense. 

In this locality floating sand cuts out leathers on plungers very fast. We 
know no remedy for it except continuous pumping until the sand is exhausted. 
It is so fine that to entirely exclude it from the pump would materially lessen the 
'supply of water. 

STATION No. 4. SHERMAN COUNTY. 

Located upon S.E. }4 of the S.E. J4 of Sec. 16, T. 8, R. 38, Sherman county, 
which site was held under contract with the state by Mr. M. B. Tomblin and by 
him released to the state. 

After due publication and distribution of specifications the contracts for this 
station were on May 1, 1895, let to Fairbanks, Morse & Co. of Kansas City, Mo. 

The cost of this plant complete was $2,078.23 ; repairs, $68.35 ; cost of experi- 
ments, $231.11 ; operating expenses, $101.52. 

This station consisted of a 6- inch tubular well; total depth 166 feet, depth to 
water 127}^ feet. 

A 10-horse power Fairbanks, [Morse & Co. gasoline engine, and reservoir 
80X125 feet. 

The power was applied to the pump by a walking beam, which is an awkward 
contrivance. The pump had a cylinder 5^2 inches in diameter and 60 inches in 
length. The stroke used was 28 inches. 

There is also an engine house erected on this plant. 

The test of this well being very satisfactory, and believing the engine had 
power to operate a larger pump, the Board tranferred the engine to station No. 
5, at Oakley, Logan county, and substituted in its place a 25-foot wooden wheel 
called the "Eclipse," manufactured by Fairbanks, Morse & Co., at an expense of 
$400, which was ready for operation in February, 1896, and has since that 
time been doing excellent service. The apparent large cost of this station is due 
to the fact that it is charged with the gasoline engine and the windmill. 

A series of experiments were conducted at this station under the immediate 
supervision of Mr. W. G. Russell, civil engineer, in the employ of the Board. 
His report is as follows : 

C]wn Water Sujyplyi Evaporation and Seepage. 

"Hon. Wm. B. Sutton, Secretary State Board of Irrigation, Russell, Kas.: 

"Dear Sir — I beg to submit a report of the work done, and experiments 

made, at the state well at Goodland, Sherman county, Kansas, in obedience to 

your request. 

"I went to Goodland on the 12th day of September, 1895, made an examina- 
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tion of the plant and ordered the necessary apparatus made for conducting the 
experiments. 

" These experiments were made for the purpose of determining the amount of 
water furnished by the well, the capacity of the engine and pump, and loss of 
water from evaporation, seepage, etc. The well is located one and a half miles 
east of Groodland, and is six inches in diameter and 166 feet deep, and the pump- 
ing is done by a gasoline engine with a pump having a cylinder five and one-half 
inches in diameter and 36-inch maximum stroke. I returned to Groodland the 
24th and completed the measuring apparatus, and had everything in operation 
the morning of the 26th. The evaporating pan and floats are of galvanized iron, 
and of size and shape used by the United States Geological Survey, and the 
reading scale and rod were furnished by Mr. F. H. Newell, chief hydrographer 
of that survey, Washington, D. C. This pan was placed near the center of the 
reservoir, and so anchored that it would rise and fall with the water therein. 

" It is necessary in this country especially that this should be as far from land 
as possible in order to keep dirt from settling in the pan, and temperature the 
same as the body of the water. I constructed a runway for the observer extend- 
ing from the top of the reservoir embankment out to the pan and made the first 
12 feet removable so that the observer could take it into the engine house and 
thus prevent interference by outsiders. To put into operation, the pan is filled 
until only a few inches is above water, and when quiet a very careful reading is 
taken from the guage and recorded, and also the time of day and the tempera- 
ture of the water, both inside and outside of the pan. The following table gives 
results of measurements made, beginning September 26 and ending October 
24, 1895: 



Date. 


Time. 

A.M. 


Scale 
height. 


Diff. 


Inside 
tempera- 
ture. 


Outside 
tempera- 
ture. 


Reading 
after 
filling. 


Water at 
weU. 


Sept. 26 


7:30 
7:30 
7:25 
7:60 
7:30 
7:10 
7:10 
7:05 
7:40 
7:30 
10:00 
7:10 
7:. 55 
7:20 
7:06 
7:20 
7:20 
7:40 
7:30 
7::« 
7:40 
7:20 
7:35 
7::» 


1.40 in. 
1.55 '• 
1.75 •• 
2.05 •' 
2.30 't 
2. .55 •• 
2.75 •• 
3.95 " 
3.00 •• 
3.25 •' 
1.55 " 
1.70 •• 
1.90 •• 
2.10 •• 

2.:» '• 

2.70 •• 
2.90 •' 
3.10 •• 
3.50 '• 
1.60 •• 
1.95 •* 
2.15 •• 
2.30 '• 
2.45 •• 




56deg. 
62 '^ 
54 •• 
54 " 

57 •• 
62 •• 

58 " 
58 " 

56 *• 

57 " 

56 *' 
60 •• 

57 •• 
66 •• 
57 •• 

56 *♦ 

57 " 
.56 '• 
52 •• 
48 " 
51 " 
48 " 
45 " 
47 '• 


58deg. 
64 •' 

55 •• 

56 •• 
56 •• 
60 •• 

58 '• 

59 •• 

55 " 

56 •• 
56 •• 
58 •' 
56 •* 

54 •• 
56 •• 

55 •• 

56 •• 
54 •• 
53 *' 

49 " 

50 '• 
48 " 
46 " 
46 *' 




56deg. 


27.::..;.:::: 


.15 in. 
.20 •• 
.30 •• 
.25 •' 
.25 ♦• 
.20 •• 
.20 •• 
.05 " 
.25 •• 
.20 •• 
.15 " 
.20 •• 
.20 " 
.20 " 
.40 •♦ 
.20 " 
.20 •• 
.40 " 
.20 •• 
.:» •• 
.20 ' ' 
.15 •' 
.15 *• 




28 






30 






Oct. 1 






'2 






3 






4 






5 






7 


1.35 in. 




8 




9 






10 






11 






12 






14 






15 






16 






18 


1.40 in. 




19 




21 






22 






23 






24 






28 davs. . 


5.05 in. 















'•This shows an average evaporation of .18 of an inch for each day from 
September 26 to October 24, in all 28 days, and would give 5.41 inches for 30 
days. I would suggest that if your board has the means to do so, it continue 
this measurement as this is a very large factor of the loss that must be taken into 
account in estimating amounts of water furnished from reservoirs, and as we 
have very little information on this subject for this section of the country. 
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** I put up the meter furnished your board by the National Meter Co., of 
Chicago, to measure the quantity of water pumped from the well, but found it 
entirely inadequate, being capable of passing only about one-half or two-thirds of 
that quantity under that head. 

**This meter has not sufficient capacity unless put under pressure, or a much 
greater head ; either of which reduces the capacity of the engine. I had it packed 
ready for shipment, and left in charge of Mr. M. B. Tomblin, a member of your 
Board, at Goodland. 

'*I constructed an accurate gage, reading direct to the .01 of a foot, and by 
estimation easily one-half of this, and placed it in the reservoir perpendicular and 
immovable by any ordinary force, and accessible from the runway to the evap- 
orating pan. 

" The height of water on this gage was read each morning before starting the 
pump, and each evening after the pump was stopped . 

" I made a careful measurement of the capacity of the reservoir by setting tops 
of stakes at the sam^ elevation at each foot of height with a Wye level, and then 
measuring the area within each set, and the slopes of the embankments, being 
practically uniform, I used each two adjacent elevations as a basis for interme- 
diate measurements. All m3a3urements of quantity of water pumped are based 
on these measurements of the reservoir, as the meter intended for this purpose 
failed. The engine registered the number of revolutions made, and indicated 
269,911 revolutions in 208^ hours actual running time, which is equal to 1,296.6 
per hour or 21.61 revolutions psr minute. By actual count with a stop watch I 
found it about 21.7 for a short time. 

**This engine pumped 787,600 gallons of water in 208J^ hours actual running 
time, or 3,783.5 gallons per hour, or 2.92 gallons per stroke. The speed of this 
engine might likely be increased to give 4,500 gallons on that foundation, and the 
cylinder might be packed to give greater efficiency. A careful estimate was made 
of the loss of water from evaporation and seepage, and both amounts added to 
the gage readings, so that the amounts given are intended to include all the 
water pumped. 

"The water in this well is of a most excellent quality, and from all indications 
is inexhaustible. At no time was there any indication of exhausting the supply. 

** The water pumped from this well as measured would cover 504 square feet 
of land, one foot deep in one hour ; 12,107 square feet or more than y^ of one 
acre one foot deep in 24 hours : 8.4 acres one foot deep in one month ; and 101.5 
acres one foot deep in 365 days. If only three inches are used for each irrigation 
then these figures in each case can be multiplied by four. 

** There was no cost for repairs to the engine during the entire run; the 
Rubricating oil cost one dollar, and there were 265 gallons of gasoline used for the 
entire run, or 1.23 gallons per hour. 

**Respectfuily submitted. W. G. Russell," 

The reservoir at this station holds water almost perfectly, and it has stood 
full nearly all the time since its construction. 

The plant was leased to Wm. Umbarger, who cultivated it quite successfully 
in 1895 and 1896. 

Reference to the strata record which follows shows that this pump draws all 
its water from a single stratum of coarse gravel 8 feet thick. Where such exists 
the most economical well is the tubular. 
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Record of Strata passed through in sinking well at station No. 4, southeast quarter of south 
east quarter of section 16, township 8, range 39 west, sixth principal meridian, Sherman 
county, Kansas. 



Stratum 
and sample 


Depth (in feet) from 
surface to — 


Thickness 

(in feet) 

of stratum. 


Distance, 

top of 
around to 
first water. 


Exact dis- 
tance, top 
of erround 

to top of 

water 
when well 

finished. 


Characteristics : 
Color, hardness, pop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 




2 
18 
31 
37 

4;^H 

62 V4 

76^ 

99 
103 
109 
113V4 
127^, 
135 
158 
166 


2 
16 
13 

6 

6H 
19 
12 

7 
15^ 

4 

6 

4>/i 
14 

7H 
23 

8 


127H 


127 V4 


Black soil. 


2 


2 
18 
31 
37 

i^ 

76V4 
83V4 
99 

KKB 

109 

113H 

127 V4 

135 

158 


White soil. 


3 






Red clay. 
Ma^rnesia. 


4 






5 






Hard rock. 


6 






Dry sand. 
Red clay. 


7 






8 






Hard rock. 


9 






Sand and rock. 


10 






Magnesia. 
Redfsand and rock. 


11 






12 






Hard rock. 


13 






Red clay. 


14 






Water sand. 


15 






Magnesia clay. 


16 






Water gravel. 



STATION NO. 5. LOGAN COUNTY. 

Located on the west half of the northwest quarter section 3, township 11, 
range 32, Logan county, upon the recommendation of Mr. Sutton. 

This location consists of 40 acres of land adjoining the city of Oakley, and was 
conveyed to the state of Kansas by deed dated September 25, 1895, and executed 
by H. F. Giessler and Kate P., his wife, to the state of Kansas, and recorded in 
the office of the register of deeds, Logan county, in deed book No. 5, p. 467. 

After due publication and distribution of specifications the contracts were let 
for this plant as follows : Well, to W. S. Gorrell. Reservoir, to J. W. Kerns. 
Pump, power, tubing, etc., to Fairbanks, Morse & Co. 

This plant consists of an 8-inch well; Cook cylinder, 73^2 inches in diameter; 
a lO-horse power gasoline engine manufactured by Fairbanks, Morse & Co.; and 
engine house and reservoir. 

The engine is the same that was located at Station No. 4, Sherman county, 
and was erected by Fairbanks, Morse & Co. 

The cost of this plant completed was, $1,503.60; repairs, $231.80; experiments 
and operation, $218.70. 

The original depth of this well was 162 feet; depth to water 93 feet; the well 
was cased with perforated galvanized iron, 10 inches in diameter, to a depth of 
140 feet. 

The pump and pipe were suspended inside of this casing. 

The yield of the well was quite satisfactory. 

A figure showing the pipe and pump in the well is given. See Fig. 2. 

The reservoir held water from the first. The banks were well puddled when 
constructed, and were protected from washing on the inside by nailing fence 
boards together 6 inches apart extending around the entire inner surface of the 
embankments, three abreast and floating on the water. 

A counter was put upon the walking beam of the engine by which every stroke 
of the pump was recorded. 

An evaporation pan was placed in the reservoir, also a graduated stake for 
reading the height of the water in the reservoir. A No. 3 Nash water meter txxv 
nished by the National Meter Co. was fixed to the discharge pipe for measuring 
the water raise<l. 
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Fig. 2. 
Pipe and Pump. Station No. 5, Logan county. 
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A telltale consisting of a galvanized iron float properly loaded was placed in 
another well distant 66.4 feet from the one in which the pump was located. 
This float was connected by a copper wire to a light chain running over a pulley 
affixed to the upper edge of a 16-foot length of one inch pipe, the lower end of 
which was imbedded in a large stone immediately over the well. 

To the end of the chain was affixed a square-edged marker and the pipe was 
gi*aduated so when the water in the well stood at its normal height the marker 
indicated ; as the water fell in the well the float sank with it and drew the 
marker up the pipe thus indicating the rise and fall of the water in the second or 
test well. 

Careful observations were made of this test at stopping and starting of the 
engine. 

A combination of observations and experiments at this station is here given. 









Engine. 






Date, 1896. 


Time of 
starting. 


Time of 
stopping:. 


Time 
lost. 


Actual 

running 

time. 


Number 

of 
strokes 

of 
pump. 


Cubic ft. 
(theoretic 
quantity) 
of water 
pumped. 


May 13 


7.10 

7.00 a.m. 
6.25 p.m. 
8.05 a.m. 
6.40 a.m. 
6.25 p. m. 
6.30 p.m. 
8.45 a.m. 
6.20 p.m. 
7.50 a.m. 
6.15 
7.00 
6.10 
6.15 
6.15 
6.00 
5.50 
6.00 
6.00 
6.30 
6.15 
7.15 
8.00 
6.45 
6.45 
6.45 
6.45 
6.20 
6.10 
9.30 
7.00 
12.45 
6.55 
7.15 
9.05 
6.40 

1.30 p.m. 
6.30 a. m. 
7.15 
6.00 
6.00 
5.40 
6.00 
6.15 
3.00 
8.30 
6.00 


6.12 

5.30 p.m. 

2.25 a.m. 

5.30 p.m. 

6.15 p.m. 

5.:«p.m. 

5.00 a.m. 

6.15 p.m. 

1.50 a.m. 

5.30 p.m. 

5.45 

6.00 

7.10 

7.:« 

7.30 

7.80 

7.:« 

6.30 

7.30 

7.30 

7.30 

6.00 

6.00 

6.00 

6.00 

6.00 

5.00 

5.30 

5.30 

6.00 

4. a*) 

5.30 

4.30 
12.00 noou 

7.45 
10.10 

6.20 a.m. 

5.00 p. m. 

6.40 

6.:» 

6.35 
5.:«) 
5.20 

12.00 noon 
5.40 
5.:« 
1.00 p.m. 


0.25 
1.10 
4.00 
1.15 
0.10 
1.10 
1.15 
1.10 
1.40 


10.33 

9.20 

4.00 

8.10 

11.25 

9.55 

9.15 

8.20 

5.50 

940 

10.10 

10.00 

12.00 

5.45 

4.15 

12.10 

12.05 

11.00 

12.20 

11.00 

11.45 

9.15 

8.00 

10.05 

10.05 

10.15 

9.55 

10.00 

10.20 

5. -30 

8.35 

4.:« 

8.05 
1.45 
8.55 
3.30 
15.50 
9.30 
10.05 
11.15 
11.15 
6.50 
10.00 
5.25 

2.:« 

8.45 
6.00 


11,259 

9,649 

4,283 

8,927 

12,658 

10,305 

10,807 

7,542 

6,305 

10,000 

10,510 

10,147 

12,4.59 

5,981 

4,7:36 

13,069 

12,984 

11.892 

13,011 

11,659 

12,382 

10,266 

7,417 

11,289 

11,969 

11,488 

11,582 

11,179 

11,977 

5,893 

9,793 

5,320 

8,988 

4,046 

9,783 

3,875 

18,086 

10,871 

11,573 

11,389 

10,770 

5,950 

11,037 

5,765 

3.038 

10,428 

4,811 


7,691 


- u::::::::. .::::. :::.:..: 


6,643 


" u 


2,951 


" 15 


6,151 


•» 15 


8,589 


'• 16 


7,100 


•• 16 


7,446 


• ' 17 


5.196 


" 17 


4,344 


June 9 


6,890 


'• 10 


1.20 
1.00 
1.00 
7,30 
9.00 
1.20 
1.35 
1.30 
1.10 
2.00 
1.30 
1.30 
2.00 
1.10 
1.10 

0.^ 
1.10 
1.00 
3.00 
1.00 
0.10 
1.30 
8.00 
1.45 


7,241 


" 11 


6,991 


'• 12 


8,584 


• • 13 


4,120 


'• 15 


3,064 


'• 16 


9,004 


" 17 


8,943 


" 18 


8.293 


" 19 


8,964 
8,033 


" 20 


" 22 


8,531 


" 23 


6,973 
5,510 


•• 24 


" 25 


7,778 


••26 


8,226 
7.915 
7,979 


" 27 

•* 29 


July 1 

*• 2 


7.702 
8,252 


'• 3 


3,760 


" 6 


6,747 


'• 8 


3,665 


" 9 


6,192 


'• 10 


2,789 


AuflTUSt 4 . 


6,740 
2.669 


^' 5 


7 


1.00 
1.00 
1.20 
1.15 
1.20 
5.00 
1.00 
0.20 
0.10 
0.15 
1.00 


12,326 


8 


7,490 


•• 24 

* • 25 


7.974 
7.487 


" 26 


7.320 


♦* 27 


4,099 


'• 28 


7,604 


" 29 


8,972 


*• 31 


2,003 

7,184 


September 1 


'• 2. ... 


3,314 






Total 








415.13 
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Date, 1896. 



Water-moter. 



Cubic feet 
of water. 



Per cent, of 
efficiency. 



Reservoir. 



Morning. 



Time. 



Height. 



Evening. 



Time. 



I 



Height. 



May 13.. 
*• U.. 
*• 14.. 
* 16.. 
" 15.. 
" 16.. 
*• 16.. 
" 17.. 
•• 17.. 
June 9.. 
'* 10.. 
" 11.. 
" 12.. 
•' 13.. 
" 15,. 
•• 16.. 
" 17.. 
•• 18.. 
" 19.. 
*• 20.. 
" 22.. 
" 23.. 
" 24.. 

25 . 

26.. 

27.. 

29.. 

1.. 

2.. 

3.. 

" 6.. 

** 8.. 

" 9.. 

" 10.. 

An^st 4 



July 



24.... 

25 

26.... 
27.... 
28.... 

29 

31 

September 1 . 
2. 



6,896 
6,850 
1,6U0 
6,197 
7,433 
5,794 
4.895 
5,100 
2,390 
6,680 
4,970 
5,630 
6,870 
3,:»0 
2,5.50 
6,820 
7,070 
6,470 
7,080 
6,595 
6,845 
5,514 
3,276 
5.800 
6,100 
5,670 
5,62o 
5,580 
5,870 
2,930 
4.750 
2,720 
4,480 
1,975 
4,855 
2,030 
9,085 
5,475 
5,760 
5,480 
5,530 
2,870 
5,300 
2,640 
1,620 
5,290 



103.0 
54.3 

100.7 
86.5 
81.6 
65.7 
98.0 
55.0 
96.9 
68.0 
80.0 
80.0 
80.0 
83.0 
75.0 
79.0 
78.0 
79.0 
82. 
80.0 
80.0 
64.0 
76.0 
74.0 
72.0 
70.0 
72.0 
71.0 
78.0 
70.0 
74.0 
72.0 
71.0 
72.0 
75.0 
73.0 
73.0 
72.0 
70.0 
75.0 
70.0 
69.0 
70.0 
77.0 
73.0 



7.10 
7.00 
6.25 
8.05 
6.40 
6.26 
6.30 
8.45 
6.20 
7.50 
6.15 
7.00 
6.10 
6.15 
6.15 
6.00 
5.50 
6.00 
6.00 
6.30 
6.15 
7.15 
8.00 
6.45 
6.45 
6.45 
6.30 
6.20 
6.10 
9.30 
7.00 
12.40 
6.55 
7.15 
9.05 
6.40 
1.30 
6.30 
7.15 
6.00 
6.00 
5.40 
6.00 
6.15 
3.00 
8.30 
6.00 



2-4 
2-11 
3-4 V4 
:i-6 

3-lOM 
4-4 V4 
4-9 

4-iiy, 

5-1 

1-5 

1-llM 

2-6 

2-115£ 

3-5H 

3-3H 

3-8 

3-1 01^ 

4-2H 

4-65i£ 

4-10^ 

4-10 

5-0 

5-2 

5-3 

5-5a£ 

5-8 

5-6 

5-« 

fr-85!£ 

5-1 lai 

fr-6 

5-6 

5-7 

5-7 

2-0 

2-6 

2-7V4 

3-5 

2-5 

2-10a£ 

3-4H 

3-10/, 

3-11 

4-3 

4-lH 

4-25£ 

4-7 



6.12 
5.30 
3.25 
5.30 
6.15 
5.30 
5.00 
6.15 
1.50 
5.30 
5.45 
6.00 
7.10 
7.30 
7.30 
7.30 
7.30 
6.30 
7.30 
7.30 
7.30 
6.00 
6.00 
6.00 
6.00 
6.00 
5.00 
5.30 
5.30 
6.00 
4.35 
5.30 
4.30 

12.00 
7.45 

10.40 
6.20 
5.00 
6.40 
5.35 
5.35 
5.30 
5.20 

12.00 
5.40 
5.30 
1.00 



2-11 

3-4% 

3-7 

3-lOH 

4-4% 

4-9 

5-0 

5-1 

6-3 

1-11%£ 

2-6 

3-0 

3-6 

3-7 

3-5M 

3-11 

4-SH. 

4-72i 

5-0 

5-3 

5-2% 

5-4% 

5-5 

5-7% 

5-10 

6-0 

5-1034 

5-lOX 

6-1 

6-1 

5-9X 

5-9i4 

&-10% 

6-9% 

2-6 

2-8 

3-5 

3-11 

2-11 

3-5 

3-lOX 

3-1134 

4-4 

4-6X 

4-3 

4-75i 

4-9 



Total. 



134,270 
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Datb, 1896. 


Moisture, 
rain. 


Gasoline, 
Amount 
used in 
frallons. 


Telltale in well 
64.4 foet distant. 


Height at 
starting^. 


Height at 
stopping. 


May 13 




9.35 

8.30 

3.56 

6.38 

10.31 

7.90 

7.34 

7.41 

5.91 

8.60 

9.04 

8.90 

10.68 

5.56 

4.56 

12.97 

11.81 

13.24 

11.81 

12.50 

9.93 

8.86 

8.59 

10.93 

10.89 

10.89 

10.99 

10.62 

11.37 

5.30 

8.81 

4.78 

8.08 

3.70 

7.50 

3.00 

13.50 

10.00 

9.50 

9.00 

8.50 

4.75 

9.00 

3.75 

1.75 

8.50 




9 


'•u.. ..:....:.:::::::::.::::::::.::::.. :::::::: 




7 

8 

7 

7 
IIH 

7 

7 
12 


9 


" 14 




9 


•• 15 




12 


•• 15 




12 


•• 16 




13 


" 16 ; 




12 


"17 




12y4 


'• 17 




13 


June 9 




5 


•• 10 


}4, inch. 


2 
3 
4 
5 
3 
3 
5 
4 
4H 

3 
6 
5 

4 

4H 

6 

3 

3 

4 

4 

1 

1 

3 

4 


8 


" 11 


9 


" 12 




9 


•• 13 




8 


•• 15 




4 


•' 16 




10 


'• 17 




10 


•• 18 


1 incli. 


10 


" 19 


11)4 


'• 20 


11% 


•• 22 


Hinch. 
Heavy mist. 


u 


" 23 


10 


•* 24 


9 


•• 25 


t2\ 


•* 26 


12 


"27 




12 


" 29 




9 


July 1 




9 


•• 2::.::::;;:;::::::::::: :::::;:: :: : 


Sprinkle. 


10 


" 3 


8 


" 6 




6 


" 8 




7 


" 9 




10 


" 10 






Auinist 4 




6 


**• 5 




3 


4 


" 7 




10 


" 8 




10 


12 


" 24 




4Vi 


" 25 




2 
2 


eS 


" 26 




B% 


" 27 




3 


" 28 




6V4 


" 29 




4 


" 81 




2 


September 1 






6^ 






1 












Totals 


2*8 inches. 


388.62 
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Summary. 



1896. 



June 

July 

August . . . 
September 
October... 

Totals 




Evapora- 
tion, inches. 



m 



211 



From this table it will appear that the pump was operated from 7 a. m., May 
14, 1896, until 1:50 a. m., May 18, 1896, 91 hours 50 minutes, with stoppages 
amounting to 14 hours 15 minutes, leaving actual time of pumping 77 hours 35 
minutes, during which time there was raised from the well, according to 
the meter, 40,259 cubic feet of water, or 3,724 gallons per hour, or 62 gallons per 
minute. 

The full capacity of the pump per stroke is seven- tenths cubic foot. 

The telltale in the second well registered, at the time of stopping, a fall of 13 
inches, which was the lowest noted during the whole season. It was intended 
to continue this incessant pumping longer to make the test more severe, but a 
break in the engine at 1:50 a. m. of the 18th of May brought the experiment to 
an abrupt close. 

On June 9, when the pumping was resumed, the water in the second well had 
risen to its normal level and did not again fall below 12J>^ inches. A study of the 
record of the telltale will give some idea of the quantity of water at the location 
of this well, and from what area the well draws its supply, and how near to it 
similar wells might be located, and with what speed water travels through the 
sand at this point. 

At a yield of 522.857 cubic feet per hour this well would, in one year of unin- 
termitted pumping, yield sufficient water to cover 105 acres one foot deep. 

During the test it will be observed that the water meter was^showing so wide 
a variation in the efficiency of the pump that we do not place great reliance upon 
it. The meter, during the stop, was overhauled and again put in place before 
etartingjand much greater uniformity is noticeable afterwards. J jlv^:;:;;|^5>^ j 

|Beginning with June 11 and ending September 1 the average efficiencyjof *the 
pump as disclosed by the meter was 77.4 per cent. With this percentagejof 
efficiency as a basis, and the record of June 22, 1896, w^hen the theoretic quantity 
of water was 8,531 [cubic feet the actual water^'pumped^would [be ^6,603 cubic 
feet in actual pumping time 11 hours and 15 minutes or^9.78 cubic feet per 
minute equal to 73I4 gals. 

At this rate pumping incessantly for a full year the amount of water!Jwould 
cover a fraction over 118 acres one foot deep. Pumping 10 hours per day!300 
days per annum it would cover 40 acres one foot deep, which would probably be 
sufficient for all purposes. 

The amount of gasoline consumed was 388.62 gallons. The total water 
pumped, 134,270 cubic feet, or sufficient to cover about 3.08 acres one foot deep ; 
338.62 gallons of gasoline at 13^^ cents per gallon would cost about $52.46, or about 
$14 per acre for 12 inches of water, to which should be added freight on gaso- 
line from Kansas City to place of consumption. 

The whole running time was 415 hours and 13 minutes. Discarding the min- 
utes the amount of gasoline consumed per hour was .934 of a gallon. 
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The total evaporation from July 1, 1896, to October 31, 1896, was 25% inches. 
The rainfall for the period from June 4 to October 31, inclusive, was 8.76 inches. 

On September 1, 1896, large quantities of sand were observed to be ejected 
from the well and the next day the pumped stopped, the plunger being impacted 
in sand. 

In order to repair, it became necessary to draw the pipes. In doing this the 
casing was disturbed, and when the pipes were withdrawn the strainer broke in 
two pieces, one part remaining in the well and the well filled with sand to a 
depth of 103 feet from the surface. 

An attempt was then made to restore the well by fishing out the casing and 
piece of the strainer and sinking the 8-inch pipe armed with a steel shoe and 
drilling inside of the pipe. In this manner the pipe was sunk to a depth of 131 
feet, further progress being stopped by the pieces of galvanized casing interfering 
with the drilling. An 18-foot Cook strainer No. 10, TJ-g inches in diameter, was 
let down and fastened in place, the pipe being drawn back, a working barrel in- 
serted, and on November 17, 1896, the pump again started and in two hours the 
water was exhausted, showing that the upper stratum would not furnish a full 
supply. 

This station is one of the most valuable established by the board and should 
not be abandoned by the state. In its present condition it is crippled by lack of 
water. 

We would suggest in reference to it, that a well be made where this present 
one is, by sinking a 12-inch artesian well casing, inserted joints, to the bottom of 
the last water-bearing stratum if possible. 

This casing Would be large enough to enable the drillers to get out the gal- 
vanized iron casing that now obstructs the work. When the artesian casing has 
been sunk as deep as required there should be dropped inside of it heavy gal van - 

Rbcord of Strata passed throagh in sinking well at Station No. 5, west half of northwest 
quarter of section 3, township 11, range 'S& west, sixth principal meridian, Logan county, 
Kansas. 



Stratum 
and sample 


Depth (in feet) from 
surface to- 


Thickness 

Mn feet) 

of stratum. 


Distance, 

top of 
ground to 
first water. 


Exact dis- 
tance, top 
of ground 
to top of 

water 

when well 

finished. 


Characteristics : 
Color, hardnes", pop- 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


ular names, whether 
dry or water-bearing. 


1 




3 
24 
33 
44 

55 

65 

75 

84 

90 

5 

102 

112 
119 
123 
126 
128 
137 
145 
148 
155 
162 


3 
21 

9 
11 

11 

10 

10 
9 
6 
5 

7 

10 
7 
4 
8 
2 
9 
8 
3 
7 
7 


93 


93 


Soil, dark loam, dry. 
Yellow lime clay, dry. 
Magnesia clay, moist. 
Sand, firravol and rook 


2 


3 
24 
33 

44 

55 

65 
75 

84 
90 

95 

102 
112 
119 
123 
128 
128 
137 
145 
148 
155 


3 






4 






5 






damp. 
Red sand mixed with 


6 






lime, damp. 


7 






boulder rock, dry. 
Brown sand, damp. 
Red clay, damp. 
Brown sand, damp. 
Yellow damp sand and 

sand rock. 
Water-bearing sand 

and gravel. 
Clay, very sticky. 
Water-bearing sand. 
Clay. 


8 






9 






10 :;::;: 






11 . . 






12 






13 






14 






15 






Water-bearing sand. 
Clay. 

Water-bearing sand. 
Clay. 

Water-bearing sand. 
Clay. 

Water-bearing sand, 
rock bottom. 


16 






17 






18 






19 






20 






2l" '..'.'. 
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ized iron tubing perforated with a cold chisel, from the inside, about 72 perfora- 
tions to the lineal foot and of as large diameter as the artesian casing would 
admit. 

This galvanized casing should extend from a short distance above the water 
to the bottom of the well and be perforated as above suggested from the top of 
the water to the bottom of the well, then enough of the artesian well casing 
should be drawn out and taken off to leave a lap upon the galvanized iron casing 
of at least 10 feet, and there secured in place. 

Inside of this well casing the pump pipe eight inches in diameter should be 
suspended. 

We are satisfied that the well thus made cannot be exhausted by any 8-inch 
plunger pump, and it will yield at all times a full supply of water. 

In the spring of '96 this plant was leased to the State*Agricultural College at 
Manhattan, and under its management experimental farming was done. 

The success of their efforts was much impaired by great delays in obtaining 
necessary repairs and gasoline for the engine from the manufacturers. 



STATION No. 6, WICHITA COUNTY. 

This station was located upon the recommendation of Mr. Sutton upon land 
donated by Lydia H. Allphin and Charles R. Allphin, her husband, by deed dated 
April 2, 1895, and recorded in the office of the register of deeds of Wichita 
county. May 29, 1895, in book 8 of deeds, page 372, and its description is as follows : 

** Commencing at the southeast corner of the northeast quarter of section 23, 
township 18 south of range 37 west, thence west 90 rods, thence north 80 rods, 
thence east 90 rods, thence south 80 rods to the place of beginning, except 5 acres 
in the southeast corner of said tract ; said 5 acres being in the form of a square." 

The contracts for the construction of this station were let May 14, 1895, as 
follows : 

Well to G. B. Lawrence, Tribune, Kas. 

Power to the Stover Manufacturing Co., Freeport, 111. 

Pump and tubing to the Woodmanse & Hewitt Manufacturing Co., Free- 
port, 111. 

Reservoir to Orra Wykoff, Leoti, Kas. 

The total cost of this plant, including the second well, made necessary by the 
spoiling of the first one by the pump contractor's employees was $914.26. 

Repairs $46.30 ; operating $15. 

The depth of the well is 145 feet ; depth to water, 75 feet. 

The power is a 16-foot steel, back-geared. Ideal windmill on a 40-foot three 
post steel tower. 

The reservoir is 80x125 feet ; embankments J4 feet on outside and 5}^ feet 
inside. 

The pump is a 5Jr2-inch Cook cylinder, and 6-inch pii)e. The water supply is 
abundant. 

The first well put down at this station was completed June 27, 1895, and was 
163)^ feet deep ; to water, 74^^ feet ; the pump and power were put in very soon 
after. 

The power was a 14-foot steel mill, called the Ideal, and the pump was a 
Woodmanse & Hewitt Manufacturing Co.'s butterfly valve. 

About June 20, 1895, soon after completion, the pipe slipped from its fasten- 
ings and fell into the well. 

The contractors at once endeavored to fish it out, 'and after much delay 
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finally got out a part of the pipe, put it together again, replaced the pump and 
started the mill. It did not work satisfactorily and after further delays reach- 
ing down into the fall the contractors drew out the pipes and about October 
8, 1895, put some gravel into the well, intending to fill it about 14 feet. 
When they stopped shoveling and took their soundings they had filled the 
well up to within 84 feet of the top, leaving but 10 feet of water. When the 
pump was put in and set to work the water was quickly exhausted. The con- 
tractors were notified immediately and after waiting a long time for them to 
remedy the evil and not discovering the proper disposition on their part to do it, 
the Board put down a new well. 

This well was finished February 4, 1896 ; depth, 145 feet ; depth to water 75 
feet ; the well was drilled ; it is cased with No. 20 galvanized iron casing 8 inches 
in diameter for a depth of 135 feet from surface, and 13 feet of seven-inch casing 
of same material rests on the bottom of the well. This casing is perforated from 
top of water to bottom of well, about 72 perforations to the lineal foot, made from 
the inside with a cold chisel, and thereby water from every stratum is admitted 
to the well. 

The 14-foot mill over the old well proved too small to run the pump except in a 
strong wind, and we arranged with the contractors to take it back and substi- 
tuted a 16-foot mill for the new well. The old pump was put into the new well. 
The working of the pump was unsatisfactory and it was taken out and a Cook cylin- 
der substituted for it. These changes were completed during June, 1896, since 
which time this plant has operated very satisfactorily. 

The strata records of the two wells are here given : 

FIRST WELL. 

BxooBD OF Strata passed through in sinking well at Station No. 6, soatheast quarter of north- 
east quarter of section Z3, township 18, range 37 west, sixth principal meridian, Wichita 
county, Kansas. 



Stratum 
and sample 


Depth (in feet) from 
surface to — 


Thickness 

(in feet) 
of stratum. 


Distance, 

top of 
ground to 
first water. 


Exact dis- 
tance, top 
of ground 
to top of 

water 
when well 
finished. 


Characteristics : 
Color, hardness, pop- 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


ular names, whether 
dry or water-beoring. 


1 




7 
27 

ia% 

74H 
78 

90 

104 

107 
116 

129 
134 

16m 

163H 


7 
11 

19 
3V6 

12 
14 

3 

9 

13 
5 


u% 


69 


Dark loam. 


2 


27 
32^ 

74H 
78 

90 

104 
107 

116 
129 

134 
161 K 


Whitish marl. 


8 






Soft gypsum .gray color, 
tiardday, yellow. 
Coarse, hard sand. 


4 






5 






6 






Hard KVDSum. white. 


7 






Sandy cJav. soft. 


8 






Fine water sand, first 


9 






water. 
HMrd clay ; ^tome indica- 


10 






tions of gypsum seams 

where water seemed 

to iucrease. 
Magnesia ; light yeliow 

sample more or less 

mixed with sand from 

No. 8. 
Fine water sand ; gave 

most trouble in drdl- 

ing; red. 
Hard gray sand, with 

seams of quicksand ; 

sample mixe<l with 

No. 11, which run in 

all the time. 
Sand> cJay, gray color. 
Water saud aud small 


11 






12 






13 






14 






15 






gravel would indicate 
rot« of water. 
Yellow chalk or shale. 


16 






Black shale. 
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SECOND WELL. 



Record op Strata passed through in sinking well at station No. 6, 
range 87 west, sixth principal meridian, Wichita county 


section 23, township 18, 
Kansas. 


Stratum 
and sample 


Depth (in feet) from 
surface to— 


Thickness 

(in feet) 

of stratum. 


Distance, 

top of 

ground to 

fljpst water. 


Exact dis- 
tance, top 
of ground 

to top of 

water 
when well 

finished. 


Characteristics: 
Color, hardness, pop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 




1 

12 
22 
32 
55 
74 
79 

91 

109 
138 
143 

145 


1 
11 

10 
10 
Zi 
19 
5 

12 

18 

29 

5 

2 


75 


75 


Surface soil. 


2 


1 

12 
22 
82 
55 
74 

79 

91 

109 
138 

14:3 


Marl. 


8 






Qypsum. 
Clay. 


4 






5 






White stone. 


6 






Sand and clay. 


7 






Sand and clav, first 


8 






water. 
Coar^5e sand, lots of 


9 






water. 
Fine clay. 


10 






Hard sand and cement. 


11 






Sand, a good water 


12 






sand. 
Went two feet in j'ellow 








chalk or clay. 



The fact that the pump in the first well located about 80 feet from the sur- 
face quickly exhausted the water, shows that the first water is in small supply 
and that the lower stratum is not strongly artesian in its nature or water would 
have come up from below to supply the pump. 

CJomparing the strata records of the two wells, about 100 feet apart, we see 
the strata are not the same. 

In the first well 78 to 90 — 12 feet of hard clay. 

In the second well, 79 to 91 — 12 feet of coarse sand, lots of water. 

First well 129 to 134 " water sand and small gravel would indicate lots of 
water." 

Second well, 138 to 143, "sand, a good water sand." 

This is one of the best stations — plenty of water, power well proportioned to 
the work required, and in a locality offering every advantage for irrigation by 
pumping. This station should be utilized by the state for further experiment. 



STATION No. 7. GREELEY COUNTY. 

This station was recommended by Mr. Sutton upon the northwest quarter of 
the southwest quarter of section 22, township 18, range 40, Greeley county, the 
land having been donated for the purpose by Mr. Henry Weaver, of Tribune, Kas. 

A well was sunk 70 feet deep, reaching the black shale without finding water. 
After personal examination of the well and surroundings it was decided to aban- 
don the station and return the deed to the donor, which was done. 

The amount expended by the Board on this well was $95.21. 

It would be error to conclude that Greeley county has no underflow because 
this well failed to reach water. In places there are prominent underground 
ridges in the shale floor on which the tertiary rests which rise above the water 
level. Consequently shale is encountered before the water is reached. In such 
cases the well should be abandoned unless it is the intention to penetrate the shale 
to discover what may be beneath it. 

The strata record of the well is given on the opposite page. 
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Bbcord of Stbata passed throngh in sinking well at station No. 7, 
range 40 west, sixth principal meridian, Greeley county, 


section 22. township 18, 
Kansas. 


Stratam 
and sample 


Depth (in feet) from 
surface to — 


Thickness 

(in feet) 

of stratum. 


Distance, 

top of 
ground to 
first water. 


Exact dis- 
tance, top 
of ground 

to top of 

water 
when well 

finished. 


Characteristics : 
Color, hardness, pop- 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


dry or water-bearing. 


1 




2H 
15 
85 
87 

44 

68 
70 


12V4 

20 

2 

7 

24 
2 






Black loam. 


2 


2H 
15 
85 

37 
44 

68 






Marl. 


3 






Sand and gravel. 


4 . .. 






Cement and gravel. 


S 






hard. 


6 






7 






Black shale. 



A small trace of water at 35 feet, none after— a dry hole. 



STATION No. 8. LANE COUNTY. 

This station was located upon the recommendation of Mr. Sutton upon the 
southeast J4 o' t^© northeast ^4 o^ section 13, township 18, range 29, Lane 
county. 

The land was donated by the British and American Mortgage company 
(limited) of London, England, by deed dated April 7, 1895, and recorded in the 
office of the register of deeds of Lane county, in book 9, p. 170, on the first day of 
June, 1895. 

The contracts for the construction of the station were let as follows : 

Well and reservoir, W. A. Tyner, Dighton, Kas. 

Pump and power, Woodmanse & Hewitt Manufacturing Co., Freeport, Ilk 

The cost of this plant was $498.48. 

Repairs, $35.85 ; operating, $4. 

The depth of the well is 89 feet. It is an open well 8 inches in diameter cased 
with No. 20 galvanized iron casing perforated below water. Depth to water is 52^ 
feet. 

It reaches the black shale and consequently penetrates all the water bearing 
sands of the tertiary deposits at this point. 

The pump is a 6-inch cylinder with butterfly valves and made by the con- 
tractor. It is affixed to the end of 60 feet of 6-inch pipe and below is 16 feet of 
4-inch pipe. 

The windmill is a 14-foot Woodmanse Mogul, steel, back-geared wheel. 

The storm of April 28, 1896, blew over the mill and tower and afterwards upon 
notice to the contractors, they replaced the same with a new and improved Mo- 
gul mill and tower at their own expense. This was completed in the early part 
of June, 1896, since which time the station has worked very satisfactorily. 

Mr. J. G. Frank, of Great Bend, who erected the last mill and tower, under 
date of December 31, writes as follows : 

*' I never before or since in 14 years' experience saw a better windmill pumping 
plant. After pumping 14 or 15 hours the water supply proved good and pumped 
as clear water as at first. I say it fearless of contradiction, that this is the best 
plant, well and all the machinery together, of all the state plants that I visited. 
This plant is a credit to the State Board and the people." 

There is fine sand in this as in many other localities, and in a new well it cuts 
out leathers very fast. Time and pumping seem to be the only remedy. 
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The reservoir gave some trouble by leaking. Ordinary puddling did not 
have the URual effect of making the walls and bottom water tight. The ex- 
periment of stirring up the water with a harrow till it was of the consistency of 
cream was tried with good effect. In cases where the water seeps out without 
having any distinct channel in which to flow, this is very effective treatment. 
Water is made muddy by carrying in suppension minute particles of soil. As 
this muddy water goes into the banks and bottom of the reservoir it dei)osits in 
its course the fine particles it carries, and more following makes further deposits, 
until the interstices in the soil are completely filled and cemented, the result is 
in time a water-tight reservoir. 

The strata record of this well is here given : 

Record of Strata passed through in sinking well at Station No. 8, section 13, township 18, 
range 2» west, sixth principal meridian, Lane county, Kansas. 



Stratum 
and sample 


Depth (in fe^t) from 
surface to- 


Thickness 

(in feet) 

of stratum. 


Distance, 

top of 
ground to 
first water. 


Exact dis- 
tance, top 
of ground 

to top of 

water 
when well 

finished. 


Characteristics: 
CoJor, hardness, pop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 




2 

16 

56 
74 

79 
89 


2 
14 
20 
20 

18 

5 
10 


52 


52 


Black soil. 


2 


2 
16 
36 
56 

74 

79 


YnlJowclav. 


8 






Magnesia stone. 


4 






Sandstone and sand. 


5 






Sandstone and glint 

stone. 
Sand 


6. 






7, 






Soapstone. 



STATION No. 9. HASKELL COUNTY. 

This station was located on the recommendation of Mr. Frost upon the N.E. 
}4 of the S.W. }4 of Sec. 25 in T. 28, R. aS, which land was donated to the state 
of Kansas by Addison W. Stubbs and Edith P.; his wife, of Garden City, Kas., 
by deed dated April 23, 1895, and recorded in the office of register of deeds of 
Haskell county, November 11, 1895, in book No. 10, page 136. 

After due notice the contracts for this station were let as follows : 

Pump and power The United States Water and Steam Supply Company, 
Kansas City, Mo. 

Well, to John C. Buster, H. Glazier, Santa Fe, and G. E. Studebaker, of 
Mcpherson. 

Reservoir, John C. Buster, of Santa Fe. 

The cost of the constructiou of this plant was $1,896.80 ; repairs, $220.13 ; 
ox)eration, $5. 

The well is 291 feet deep. Depth to water, 202 feet. 

The power is a 25-foot sectional wooden wheel, known as the Halladay Stand- 
ard, and is erected on a 40-foot wooden tower. 

This plant, upon completion, worked well for a short time and supplied 
abundance of water, but after a time, through some defect of the strainer, the 
pump began to take in sand and finally filled the cylinder and stopped. Efforts 
wer« made to draw the pipe, but all failed. Finally the pipe was cut off at the 
water^s edge and an 8 inch 8 foot sand point, with brass jacket, was sunk 28 
feet alongside of the pipe, and a new pipe and pump were suspended inside of 
the brass jacket. The well is again yielding an abundant supply of water from 
the first water strata, consisting of 9 feet of coarse gravel. 
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Fig. 3. 
Station No. 9, Haskell county. (Santa Fe.) 
DETAILS. 
25-foot Halladay wooden wheel. 
40-foot 8x8-inch wooden tower. 
8z3x5-foot stone foundation. 
231 feet of 6-inch wrought-iron pipe. 
228 feet of 2-inch octagon ash pumping rods. 
6x42-lnch Cook's cylinder. 
202 feet of dug well. 
23% feet of 8-inch wrought-iron pipe. 
8x90-inch brass Jacket point. 



Digitized by 



Google 



38 



Report of the Irrigation Board. 



STATION No. 10. TREGO COUNTY. 

This station was located on the recommendation of Mr. Sutton on the south- 
east quarter of the southeast quarter of section 2, township 12, range 23, Trego 
county. 

The land for the same was donated by . 

A well was sunk 110 feet to black shale and so small a quantity of water ob- 
tained that the station was abandoned and the deed returned to the donors un- 
recorded. 

The amount expended on this station was $120. 

This well is on the eastern edge of the underflow territory. This eastern 
boundary appears to be a jagged line, (see map), and while some good wells may 
be found to the eastward of this location, the chances for water are better west- 
ward. The shale floor projects upwards in places in the longitude of this loca- 
tion, and the water cannot be found in every place. 

The strata record of the well is here given : 

Rbcobd of Strata passed througrh in sinking well at Station No. 10, southwest quarter of south- 
east quarter of section 2, township 12, range 23 west, sixth principal meridian, Trego county, 
Kansas. 



Stratum 
and sample 


Depth (in feet) from 
surface to — 


Thickness 

(in feet) 

of stratum. 


Distance, 

top of 
ffround to 
nrst water. 


Exact dis- 
tance, top 
of ground 

to top of 

water 
when well 

finished. 


Characteristics : 
Color, hardness, nop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 




3 
20 

60 

81 

90 

96 
108 
110 


3 
17 

40 

21 

9 

6 
12 
2 






Dark soil, alluvial. 


2 


3 
20 

eo 

81 

90 
96 

108 






Brown yellow soft 


3 






ochre, sand, clay. 
Conglomerate Jiard and 


4 






soft in layers, from 
brown sand clay, 
gravel rock, white in 
2- and 4-foot layers. 
Sand and clay, gravel, 


5 






usually water- 
bearing. 
White rock hard on top, 


6 






softer at 87 feet.chang- 
ing to sandstone. 
Sand clear white.water- 


7 






bearing. 
Clay, chalk, magnesia 


S 






limestone soft. 
Shale. 



STATION No. 11. RAWLINS COUNTY. 

This station was located, upon the recommendation of Mr. Tomblin, upon the 
southeast quarter of the northeast quarter of section 19, township 3, range 36, 
upon lands donated by Mary E. Means and J. W. Means, husband and wife, by 

deed dated November 15, 1895, recorded on the day of , 189-, in the 

ofBce of the register of deeds of Rawlins county, in book No. — , p. — . 

After due notice for bids the contract for the erection, complete, of this plant 
was let to Wm. Thompson, of Goodland, Kas. 

The cost of this plant was S914.50; repairs, $87.78. 

The well is tubular; total depth, 213 feet; diameter, 5 inches; depth to water, 
188 feet. The pump has a Cook working barrel i}^^ inches in diameter, 42 feet 
in length; a 16-foot Cook Strainer No. 10, which is located in the^ lowest water- 
bearing stratum, and furnishes abundance of water. 
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The windmill is a 16-foot steel b. g. *' Ideal;" the water lift to the outlet pipe 
is ld3 feet, and the stroke 12 inches. 

The mill is not equal to the task of running it as constantly as it should and 
a 4-inch cylinder would probably supply more water, as the mill so loaded would 
make more revolutions. 

The reservoir did not hold water when first completed, and later on the banks 
on three sides were rebuilt and repuddled, after which it has given excellent 
results. 

The underflow at this location yields an abundance of water and the soil well 
puddled makes a very good reservoir. 

The strata record of the well is here given : 

Becobd of Stbata passed through in sinking well at Station No. 11, southeast quarter of north- 
east quarter of section 19, township i), range 38 west, sixth principal meridian, Bawlins 
county, Kansas. 



Stratum 
and sample 


Depth (in feet) from 
surface to— 


Thickness 

(in feet) 

of stratum. 


Distance 
top of 

first water. 


Exact dis- 
tance, top 
of ground 

to top of 

water 
when well 

finished. 


Characteristics : 
Color, hardness, pop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 




2 
32 
98 
116 
122 
124 
128 
138 
164 
170 
190 

213 


2 

80 

66 

18 

6 

2 

4 

10 

26 

6 

20 

28 






Black soil. 


2 


2 

?2 
98 
116 
122 
124 
128 
138 
164 
176 

190 






Light soil. 


8 






Bed clay. 
Magnesia. 


4 






5 






Hard rock. 


6 






Sand rock. 


7 






Flint rock. 


8 






Sand and rock. 


9 






Dry sand. 


10 






Qravel and sand. 


11 






Sand and clay; flrBt 


12 






water 188 feet in sand 
and clay. 
Water sand, hard soap- 
stone in bottom of 
stratum. 









STATION No. 12. ROOKS COUNTY. 

This plant was located on the recommendation of Mr. Tomblin upon the — 
Ji of — 14 o' Sec. — , T. — , R. — , Rooks county, the land being donated by deed 
executed and delivered by and his wife , to the state of Kansas. 

The contracts were let to Crane & Co., Kansas City, Mo., and cost $641.90 ; 
repairs $100.40. 

The well is 59 feet deep ; to water, 34 feet, and reaches black shale. 

The well was dug 34 feet to water, then a galvanized iron casing stoutly 
ribbed and hooped, 4 feet and 3 inches in diameter was sunk 12 feet ; below this 
another galvanized casing similarly made, 2 feet and 6 inches in diameter, was 
sunk 9 feet and inside of this is a 6-inch hole bored to shale, finding but little 
water below 55 feet. Both casings below water were perforated. 

Above the galvanized-iron casing and to surface of ground the well was 
walled with stone. 

The pump is a 5x30 in. Frizell tubular cylinder ; the pipe was 5 inches oil-well 
casing and pump rods are % inch galvanized iron pipe ; the power is a 14- foot 
Crane Irrigator on a 40-foot tower. 

The supply of water is not great and not in excess of the capacity of the pump. 
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Report of the Irrigation Board. 



Recobd of Strata passed throuj^h in sinking well at Station No. 12, Rooks county, Kansas. 



Stratum 
and sample 


Depth (in feet) from 
surface to— 


Thickness 

(in feet) 
of stratum. 


Distance, 

top of 
irround to 
first water. 


Exact dis- 
tance, top 
of f?rouna 

to top of 

water 
when well 

finished. 


Characteristics: 
Color, hardness, popu- 
lar names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 




3 

8 

13 
15 
27 
29 
37 

55 


3 
5 

5 
2 
12 
2 

8 

18 






Soil, very rich. 


2 


3 

8 
13 
15 
27 
29 






Soil gradually chang- 
ing in color and very 
hard and dry. 

Very hard and dry. 


3 






4 






Red in color and sandy. 


5 






Clear sand and dry. 


6 








7 








8 






The last three feet was 
water-bearing. Nos.8, 
9 and lU were found to 


9 


be very soft sand rock 


10 






gradually changing 




and becoming softer 
as we went deeper. 



With No. 6 auger we bored below bottom of well to shale, making a total depth of 59 feet, 8 
inches. A vein of water-bearing sand and gravel about six inches thick was found at about 56 or 
57 feet. 



STATION No. 13. FORD COUNTY. 

This station was located on the recommendation of Mr. Frost upon 40 acres of 
land in the southwest quarter of section 14, township 26, range 25, in Ford county, 
donated to the state by E. H. Vaughan, and Emma T., his wife, by deed dated 
September 14, 1895, and recorded in the oflBce of register of deeds, Ford county, 
on the 22d day of October, 1895, in book 24, page 277. 

The contracts for this station were let to the Frizell Hardware Company, 
Lamed, Kas. 

The station cost $927.37 ; repairs, $161.14. 

The accompanying cut shows the well, pump, mill, and location of reservoir, 
which is 80x120 feet, with embankments 4 feet high outside and 7 feet 1 inside. 

Sand in this well gave much trouble, filling the cylinder and requiring the 
pulling of the pipes three times, and each time cleaning out and deepening the 
well. The plant is now in good running order, and the well 192 feet deep. 

Record of Strata passed through in sinking well at Station No. l.S, southeast quarter of south- 
east quarter of section 14, township 26, range 25 west. Ford county, Kansas. 



Stratum 
and sample 


Depth (in feet) from 
surface to — 


Thickness 

(in feet) 

of stratum. 


Distance, 

top of 
grciund to 
lirst water. 


Exact dis- 
tance, top 
of ground 

to top of 

water 
when well 

finished. 


Characteristics : 
Color, hardness, pop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 


2 

70 
97 
101 
103 
117 


70 
97 
101 
103 
117 
130 


68 
26 
4 
2 
14 
13 






Yellow, hard. 
Gypsum, hard, white. 
Grav formation. 


2 






3 






4 






Sand rock. 


5 






Sand and magnesia. 
Gravel. 


6 








This measurement is 3 feet from top. 
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Fig. 4. 
Station No. 13, Ford county. 



(Dodge City.) 



DETAILS. 
16-foot "Ideal" back-gear steel* mill. 
40-foot 3-po8t galvanized-steel tower. 
6-foot galvanlzed-steel anchor-posts. 
20-lnch cast-iron anchor-plates. 
5^x30-inch Frizell tubular cylinder. 
167 feet of 6-lnch wrought-iron pipe. 
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Report of the Irrigation Board, 



STATION No. 14. SEWARD COUNTY. 

Located on recommeDdation of Mr. Frost on northeast quarter of northeast 
quarter of section 31, township 34, range 33, Seward county, donated by E. O. 
DeVoss and Lucy L., his wife, and deed recorded in the office of register of deeds 
of Seward county, on the 27th day of November, 1896, in deed book E, page 42. 

The contract for this work was let : 

Well, to E. Dudley, Moscow, Kas. 

Reservoir, W. H. McCammon, Ulysses, Kas. 

Pump, power and materials, Fairbanks, Morse & Co., Kansas City, Mo. 

The accounts for construction and repairs upon this station have not as yet 
been audited by the board. 

Total depth of well originally was 172 feet. The well is bored, and is cased 
146 feet with galvanized iron casing 8 inches in diameter. The station consists 
of well, pump and windmill. 

After this well had been finished and the mill and tower erected, the cylinder 
filled with sand, and the pump and pipes had to be drawn out — in this operation 
the strainer was broken and a part left in the well. A new strainer was supplied, 
the well cleaned out, since which time it has worked very well. The supply of 
water is sufficient for the pump. A drawing of the well and the strata record are 
here given. 

Becobd of Stbata passed thron^rh in sinkinur well at Station No. 14, northeast quarter of north- 
east quarter of section 31, township 34, ranee 33 west, Seward county, Kansas. 



Stratum 
and sample 


Depth (in feet) from 
surface to— 


Thickness 

(in feet) 

of stratum. 


Distance, 

top of 
around to 
first water. 


Exact dis- 
tance, too 
of grround 

to top of 

water 
when well 

finished. 


(Characteristics: 
Color, hardness, pop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 




2 
9 
17 
20 
32 
35 
37 
43 

67 

60 
80 

85 
98 
104 
109 
111 

115 


2 

7 
8 
3 
12 
8. 
2 
6 

14 

3 
20 

5 
13 
6 
6 
2 

4 

109 
7 

4 
8 
5 

2 

35 


109 


109 


Soil and subsoil. 


2 


2 
9 
17 
20 

s 

37 

43 
67 

eo 

80 
85 
98 
104 
100 

111 


Sand. 


3 






Sandy clav. 


4 






Gypsum clay. 
Clay, brown. 


5 






6 






Hard clay. 
Sandstone. 


7 






8 






Sand and soft sand- 


9 






stone. 
Hard gray clay. 
Hard rock. 


10 






11 






Sandy clay and sand- 
stone. 
Hard sandstone. 


12 






13 






Hard sandv clay. 


14 






Hard sandstone. 


15 


109 


109 


Ver>' hard stone, water. 
Artesian clay, ^ayi 


16 


17 






and limestone. 
Four feet very hard 
sandstone. 


18 


109 




19 


111 

118 
122 
130 

185 

137 


118 

122 
130 
135 

137 

172 




Sand, eravel, second 

water strata. 
Joint clay. 


20 






21 






22 






Quicksand, third water 
strata. 


23 






24 






fourth water strata. 
Artesian clay. 
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Brass Unti. 
Cy/i/idtf. 



Fig. 5. 
Station No. 14, Seward county. (Liberal.) 
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Report of the Irrigation Board. 



STATION No. 15. SHERIDAN COUNTY. 

Failure to secure a suitable location in accordance with the law prevented the 
erection of this station. 



STATION No. 16. HODGEMAN COUNTY. 

This station was located on recommendation of Mr. Frost on southwest quar- 
ter of the southeast quarter of section 35, township 22, range 24, Hodgeman 
county, donated by Frank C. Owens and wife by deed dated April 1, 1896, and 
recorded in the office of the register of deeds of Hodgeman county, November 28, 
1896, in book 9, p. 246. 

The contracts for the station were let to the Frizell Hardware Company on 
May 5, 1896. The cost of construction $1,272.08, operation $15.50. 

The station consists of well, pump, windmill and tower, and reservoir 80x120 
feet, 7 feet deep. 

This is a drilled well 277 feet deep and cased with galvanized iron casing 9 
inches in diameter, inside of which the pump is suspended. 

This station is not on the tertiary formation which holds the western under- 
flow proper, but reaches through the shale which is the floor of the tertiary and 
penetrates the Dakota sandrock. The first water is struck at 186 feet, but the 
water stands in the well 128 feet from the surface, showing to the extent of 60 
feet it is artesian. 

A drawing of the mill and well and the strata records are appended. 

Record of Strata passed through in sinkiDg well at Station No. 16, section 35, township 22, 
range 24 west, sixth principal meridian, Hodgeman county, Kansas. 



Stratum 
and sample 


Depth (in feet) from 
surface to— 


Thickness 

(in feet) 
of stratum. 


Distance, 

top of 
ground to 
ffirst water. 


Exact dis- 
tance, top 
of ground 

to top of 

water 
when well 

finished. 


Characteristics: 
Color, hardness, pop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 




26 
44 
55 
99 
104 
126 
129 
186 
210 

218 
223 
243 
250 

264 
275 

277 


26 
18 
11 
44 

5 
22 

3 
57 
24 

8 

5 

20 

7 

14 
11 

2 








2 


26 
44 
55 
99 
104 
126 
129 
186 

210 
218 
223 
243 

250 
264 

275 






Liimestone, dry. 


3 






Black shale, dry. 


4 






Gray shale, dry. 


5 






Soapstone, dry. 
Sana rock, dry. 


6 




128 


7 




Gray shale, dry. 


8 


186 




Black shale, dry. 


9 




Sand rock, water-bear- 


10 






ing. 
White clay. 


11 






Red clay. 
White day. 


12 






13 






Sand rock, water-bear- 


14 






White clay. 


15 






Sand rock, strong flow 


16 






water. 
Blue clay, depth un- 








known. 



STATION No. 17. TREGO COUNTY. 

This station was located, on the recommendation of Mr. Sutton, upon the 
northwest quarter of the northwest quarter section 15, township L, range 23; 
donated by Hon. E. N. Morrill and Carrie J., his wife. 

A well was sunk on this land 116 feet deep, reaching the black shale without 
finding water. 
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Fig. 6. 
Station No. 16, Hodgeman county. 



(Jetmore.) 



DETAILS. 
16-foot Fairbanks back-gear steel mill. 
40-foot 4-po8t galvanlzed-steel tower. 
6-foot galvanlzed-steel anchor-posts. 
2x2-foot galvanlzed-steel anchor-plates. 
278 feet of No. 20 9-lnch galvanized casing. 
288 feet of 6-lnch wrought-lron pipe. 
260 feet of 2H-inch round ash rods. 
6x64-lnch brass-lined tubular cylinder. 
6x72-lnch brass Jacket point. 
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Report of the Irrigation Board. 



Total amount expended, $119. 

Trego county lies on the eastern edge of the western underflow, and in places 
the shale penetrates the tertiary deposits. This well was upon one of these shale 
elevations and consequently proved a dry hole. It by no means follows that 
there is no underflow in Trego county. 

The deed for this land was returned to Grovernor Morrill unrecorded, and the 
station abandoned. 

The strata record is here given : 

Becobd of Strata passed through in sinkingr well at Station No. 17, northwest quarter of north- 
west quarter of section 15, township 12 south, range 23 west, sixth principal meridian, Trego 
county, Kansas. 



Stratum 
and sample 


Depth (in feet) from 
surface to— 


Thickness 

(in feet) 

of stratum. 


Distance 

top of 
ground to 
first water. 


Exact dis- 
tance, top 
of ground 

to top of 

water 
wlien well 

finished. 


Characteristics: 
Color, hardness, pop- 
ular names, whether 
do' or water-bearing. 


number. 


Top of 
stratum . 


Bottom of 
stratum. 


1 






IH 

3 

2 

12 

9 

2 

9 

7 
12 

8 
10 

3 
10 

2% 

4 
10 
6 
2 






Black soil ; soft, dry. 


2 










Clay soil ■ soft, dry. 
Light-yellow clay; 


3 










4 










hard. 
Rod dirt: hard. 


5 










Sand ; soft. 


6 










Magnesia ; hard. 

Red clay; hard. 

M agnesia and clay ; soft. 

Yellow clay. 

Liffht sand. 


7 










8 










9 










10 










11 










Clay ; dark, hard. 


12 










Macmosia rock * hard. 


13 










Sandstone ; very hard. 


14 










Light saud. 
Yellow sand. 


15 










16 










Hard rock under yel- 


17 










low sand. 
Sand and clay ; soft. 


18 










Yellow rock * soft. 


19 










Dark shale. 


20 










Shalo. 



STATION No. 18. GREELEY COUNTY'. 

This station was located on the recommendation of Mr. Sutton upon the 
N. W. i| of S.E. Xi of Sec. 17, T. 18, R. 40 ; donated by J. U. Brown and wife, 
of Tribune, Kas., in March, 1896. 

Record of Strata passed through in sinking well at Station No. 18, northwest quarter of south 
east quarter of section 17, township 18, range 40 west, sixth principal meridian, Greeley 
county, Kansas. 



Stratum 
and sample 


Depth fin feet)' from 


Thickness 

(in feet) 

of stratum. 


Distance, 

top of 
ground to 
first water. 


Exact dis- 
tance, top 
of ground 

to top of 

water 
when well 

finished. 


tHharacteristics : 
Color, hardness, pop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 




1 

15 

24 

79 

88 

92 

95 
100 
lOOH 
113 


1 
14 

9 
55 

9 

4 

3 

5 

12V4 






Top soil. 


2 


i 

15 
24 

79 

88 

92 

95 
100 
lOOVi 






Marl. 


8 






Gypsum, soft. 


4 






Comoact sand. soft. 


5 






Loose sand, dry. 


6 






Gynsam. 


7 






L<oose sand, dry. 


8 






Tough yellow clay. 


9 






Water sand, about 6 in. 


10 






Yellow shale. 


11 


ioo 


96 


Black shale. 
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A well was sunk on this land a total depth of 113 feet, reaching black shale. 
This was also a case where the shale floor on which the tertiary rests projected 
into the tertiary. 

Total expended at this station, $113. 

The station was abandoned and the deed returned to the donor, unrecorded. 



STATION No. 19. WALLACE COUNTY. 

This station was located on recommendation of Mr. Sutton and is situated on 
the northeast ^ of the southeast ^ of section 26, township 13, range 40, Wallace 
county, donated by Olof Nelson and Christine, his wife, to the state of Kansas, 
dated May 1, 1896, and recorded in the oflBce of the register of deeds of Wallace 
county, in book A, page 504 of deeds. 

After due notice the contracts for the work were let as follows : 

Well, pump and power, W. P. A. Carter, Weskan, Kansas. 

Reservoir to O. C. Nelson, Sharon Springs, Kansas. 

The total cost of this plant, $588.34 ; operation, $10 ; repairs, $15. 

The plant consists of a dug well 33 feet, and a 12-inch hole, the further depth 
of 11 feet cased with galvanized iron tubing 12 inches in diameter, perforated to 
admit water. The pit is 6 feet deep, and the next 27 feet is cased with vitrified 
tiling 15 inches in diameter. 

Depth to water, 32>^ feet. 

A 12-foot Fairbanks, Morse & Co. steel mill, 40-foot tower and 6-inch pump . 

Reservoir 80x80 feet. 

This well reaches the shale. 

The water supply is not sufficient for the pump . 



Bbcord op Strata passed throui^h in sinkiogr well at Station No. 19, uortheast quarter of north- 
east quarter of section 26, township 13, range 40 west, sixth principal meridian, Wallace 
county, Kansas. 



Stratum 
and sample 


Depth (in feet) from 
surface to— 


Thickness 

(in feet) 

of stratum. 


Distance, 

top of 
fax>und to 
iirst water. 


Exact dis- 
tance, top 
of (ground 

to top of 

water 
when well 

finished. 


Characteristics : 
Color, hardness, pop- 
ular names, whether 
dry or water-bearing. 


number. 


Top of 
stratum. 


Bottom of 
stratum. 


1 




4 
7 

12 
17 
21 
24 

27 

42 
44 

45 


4 
3 
5 
5 

4 
3 

8 

5H 
2% 

2H 
2% 
2 
2 

2 


32V4 


32»^ 


Black loam. 


2 


4 

7 
12 
17 
21 

24 
27 
32H 

35 
S7H 
40 
42 

44 


Red sandy loam. 


3 
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GEOLOGY. 

Any accurate knowledge of the underflow waters involved an extended inves- 
tigation into the geological structure of our territory. The Board was fortunate 
in having Prof. Erasmus Ha worth, of the University, connected with it, as it 
thereby secured his services gratuitously to take charge of and make a study 
of the geological conditions goveroing underground water. 

By combining the geological appropriation of the regents of the University 
with funds of the Board, and placing all under the immediate management 
and supervision of Professor Haworth, a more extended study and investigation 
into the geology of western Kansas was made than had heretofore been under- 
taken. The results of 1895 were so satisfactory that the scope of the work was 
enlarged in 1896 and the number of assistants increased and small monthly sal- 
aries were paid to a few of them. 

Professor Haworth gave his time, energy and skill to the work without com- 
pensation from the Board. 

Professor Haworth has contributed to our report the following article embody- 
ing the results of this investigation. 
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The Geology of Underground Water in 
Western Kansas. 



BY ERASMUS HA WORTH. 



INTRODUCTION. 

Goneral ConditionB Regulating Under- 
srronnd Water. 

(a) In Humid Countries. 

ib) In Arid Countries. 
Oatlines of Kansas Geology. 

(a) The Carboniferous and Permian. 

(6) The Red-Beds. 

(o) The Dakota. 

id) The Benton. 

(e) The Niobrara. 

(/) The Fort Pierre. 

iff) The Tertiary and Pleistocene. 
(Character of the Floor. 
Classes of Underground Water. 

WATER IN THE DAKOTA SANDSTONE. 
Character of the Dakota Water. 
Localities where Dakota Water may be 
Sought. 

TERTIARY UNDERGROUND WATER. 
How the Water Occurs. 
Depth at Which Water is Found. 
Eastward Movement of the Water. 
Tertiary Springs. 
Areal Extent of Tertiary W'ator. 



Tertiary Artesian Wells. 
Artesian Wells of Meade County. 

Geography. 

Geology. 

Water Not Artesian. 

The Artesian Wells. 

Well of F. W. Foster. 

Source of the Artesian Water. 

Springs in the Artesian Valley. 

Quantity of Available Water in the Ar- 
tesian Valley. 
Origin of the Tertiary Ground Water. 

Local Rainfall. 

Mountainous Water. 
Amount of the Underground Wator. 
Discussion of Si^ecial Areas. 

General Upland Areas. 

The Arkansas River Valley. 

The McPherson Area. 
Special Areas Described by Doctor Adams. 

Jetmore to Larned. 

Little Walnut Creek Area. 

Ness City to Dighton. 

Big Timber Creek Area. 

Dighton and Ransom to State Lino. 

Oakley Area. 



INTRODUCTION. 

It was known in a general way before these investigations were begun that 
the principal localities where any considerable underground water was available 
were covered with Tertiary deposits, or that they were areas over which the Da- 
kota sandstone could be reached by the drill. Preliminary maps had been pub- 
lished by different authors, showing the approximate outlines of the Tertiary and 
Dakota areas. Little had been published, however, showing the true relation 
between the Tertiary sands and the underground water, while much less had been 
published giving a clear conception of the relation of the underground Cretaceous 
floor to the underground water. If possible, still less had been published in a 
form available to the average citizen showing the relation of the Dakota sandstone 
formations and the artesian water of the state. Since the work was begun a 
most excellent pamphlet has been issued by Mr. Gilbert,* of the United States 
Greological Survey, giving in a convenient manner many facts regarding under- 
ground water along the Arkansas river valley in Colorado. As this territory is 
so close to parts of Kansas territory under consideration, Mr. Gilbert's pai)er be- 
comes of special interest to citizens of Kansas. 

*The Underground Water of the Arkansas Valley, by Grove Karl Gilbert. Extract from the 
Seventeenth Annual Report of the Director of the United States Geological Survey, lS95-'96. 
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Our investigations were confined principally to four subjects: First, a more 
accurate mapping of the Tertiary and Dakota areas of the state; second, u 
more detailed study of the character and position of the floor underlying the- 
Tertiary areas and its relation to the overlying water-bearing sands; third, the 
underground water obtained within the Tertiary deposits; fourth, the water 
contained within the Dakota sandstones. In conducting these observations it 
was deemed advisable to effect a cooperation between the Board of Irrigation 
and the department of Physical Geology of the State University. The University 
is authorized by legislative enactment to conduct a Geological Survey of the 
state, and the Board of Regents has declared the department of the University 
G^logical Survey organized and in operation. The University was therefore 
wishing to obtain information regarding the general geologic conditions of west- 
ern Kansas. It became apparent that by having a proper cooperation work could 
be done for each organization at but little less expense than would be necessttry 
for the same men were they gathering data for but one organization rather than 
for the two. The plans for such cooperation were heartily endorsed by the Chiin- 
cellor of the University and by the Board of Irrigation. I am happy to report 
after two summers' work that in my judgment each organization secured data 
for itself at but little if any more than half the actual outlay which would hiive 
been required had each organization been working independently of the other. 
For each of the two summers eleven hundred dollars were spent for field ex- 
penses, about equally borne by the two organizations. 

In conducting the field investigations it was thought best to provide the 
different parties with wagons, teams, and cooking utensils, so that their 
work would not be hindered by the long distances between points where hotel 
accommodations are available. In 1835 two such outfits were used, while in 
1896 three were likewise employed. The assistants were principally students 
of the State University, young men well trained for such work. They were 
placed in the field with Instructions to cover certain areas and to make cer- 
tain observations, which were to be properly recorded in note book and on 
map, so that a full report of the same could be prepared in the laboratory 
after leaving the field. How well the work w^as performed may be judged 
from the following Report. During 1895 five such assistants were placed in 
the field, who devoted their whole time to Investigations west of the 98th 
meridian. During 1896 eight assistants w^ere likewise assigned to territory 
west of the 98th meridian, while three others, working in the southern part 
of the state for the University, made many observations which have important 
bearings on the water problem, particularly south of the Arkansas river, 
both east and west of the 98th meridian. During the field seasons the writer 
spent the whole time in the field superintending the work of the assistants 
and making individual observations. The former required a great deal of 
time and traveling, as it was necessary to visit the different parties as fre- 
quently as possible to learn with what success they were prosecuting their 
work, and to correlate the results obtained by the different parties as the 
work progressed, so that future labors by each party might be modified more 
or less by the discoveries already made by others. This was found to be 
an exceedingly laborious task and required a great expenditure of energy. 
During the summer of 1895 at least fifteen thousand miles were traveled 
in connection with this work. In 1S96 It was possible to make the field work 
a little more systematic in arrangement, and yielded correspondingly better 
results, due largely to the information gathered during the previous year. 

The gentlemen associated with me in 1895 were the following: Mr. George 
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I. Adams, now Doctor Adams, of Princeton University, a graduate of the 
University of Kansas, and his assistant, Mr. J. H. Patton; Mr. W. R. Crane. 
a graduate of the University of Kansas, and his assistant, Mr. Walter Griffiths, 
who likewise is a graduate of the University; and Mr. W. N. Logan, who 
worked without an assistant. Later in the season Mr. Crane left the work 
and Mr. B. L. Pampel joined Mr. Griffiths. In addition to these. Dr. S. Z. 
Sharp, of McPherson College, was engaged during a considerable part of the 
time in investigating the water properties of the Dakota sandstones in the 
middle part of the state. During 1896, Doctor Adams was again associated 
with me, and had for his assistants Mr. BenJ. L. Miller and Mr. Percy L. 
Daniels. Mr. Miller is an undergraduate, and Mr. Daniels is a graduate of 
the Engineering Department of the University. Mr. Logan worked during 
a part of the summer, from April to July, having Mr. Alban Stewart for his 
assistant a part of the time. Later in the season the work was taken up by 
Mr. W. R. Crane, as Mr. Logan was obliged to leave it. Prof. Chas. S. Prosser, 
of Union College, Schenectady, N. Y., assisted by Mr. J. W. Beede, of Topeka, 
and Mr. C. N. Gould, of Winfield, who were working in the central and south- 
ern part of the state, more particularly for the University, likewise made 
many observations on the water problem, the results of which are embodied 
in this Report. 

Special acknowledgments for assistance is made to the members of the Irri- 
gation Board, individually and collectively; to each of the assistants above named; 
and to many citizens in the western part of the state for their uniform kindness 
and courtesies. 

General CoiiditiouH Regulating: Undergrround Water, 

(a). /«. Jlurnid Countries, 

With but few special exceptions, throughout all the humid parts of the world 
water can be found everywhere only a few feet below the surface. Could we 
render the upper portion of the earth transparent it would then be possible to 
behold the upper water level over a great surface usually continuous in every 
direction, a surface extending in a general way under all the surface of the 
ground, but with milder contours and less rugged outlines than the earth surface. 
This most universal presence of underground water is ^common a condition that 
the masses of population throughout humid countries have come to look upon it 
as a certainty, and rarely give it any special consideration. In fact, the indus- 
tries and operations of civilized man are based upon faith in a perpetual contin- 
uance of such conditions. 

The few instances in which digging will not obtain water can generally be un- 
derstood with a sufficient knowledge of the underground water conditions. Cer- 
tain parts of the materials of the earth are relatively impervious to water and 
will therefore hold but little of it, and will scarcely let water pass through them.. 
Such are the solid beds of clay, masses of limestone or granite or other crystal- 
line rocks without fissures, and beds of solid, compact shales of various kinds. 
Where such materials exist near the surface, it is frequently difficult to obtain 
water by digging. In limestone and granite countries, however, the rock is us- 
ually so filled with fissures and seams that the surface water can find channels 
along which it can pass from the loose surface soils above to greater depths below. 
In countries where these rock abound the water-filled seams become apparent 
along the rugged bluffs of streams, along the hillsides, and less frequently in the 
valleys, where the water breaks forth in the form of springs, water which has 



Digitized by 



Google 



52 Report of the Irrigation Board. 

been following such channels or crevices in the solid rock, sometimes for long 
distances. Beds of clay and clay shales rarely have springs coming from them. 
They are so plastic and mobile when wet and under high pressure that they are 
less frequently fissured, and when fissures are once formed their soft and mobile 
properties cause the fissures to be filled with comparative rapidity, so that the 
water passages are destroyed. From this and other similar reasons, the beds of 
clay and shale rarely have any considerable amount of water within them. Al- 
most invariably throughout the world where heavy beds of shale exist they form 
a barrier to the movements of underground water. 

Many instances in mining localities in diflFerent parts of the world might be 
cited to illustrate this, but perhaps two will be sufficient. In the Indiana oil and 
gas fields, particularly in the vicinity of Kokomo, drilling for gas has shown that 
throughout the first few hundred feet below the surface water is relatively abun- 
dant. Below this a compact shale bed is reached, 200 or 300 feet in thickness, 
which has so little water within it that it is necessary to add water in drilling 
operations. Below the shale beds a porous rock is reached which carries large 
quantities of underground water. Here, although the water found above is press- 
ing downward upon the shale bed with an average pressure of more than 100 
pounds to the square inch, so little water x^enetrates the shale that none what- 
ever is available from within it. In mining for rock salt at Lyons, Kas., the first 
few hundred feet of surface material is relatively open and porous, and is satu- 
rated with water, large quantities of which are available when wells are sunk to 
a sufficient depth. In sinking the shafts in salt-mining operations, at the depth 
of about 300 feet fine-grained, compact shale beds were reached that extended 
down to the salt, and which entirely stop the downward movement of water. 
The largest amount of water was found at the contact line between these two 
formations, or at the upper surface of the shale. When this was successfully 
cased off the shafting operations were continued downward without any further 
trouble from water. The salt mines at Lyons have ever since been operated at a 
depth of about 1,000 feet with no water whatever in the mines, because the heavy 
beds of shale above entirely prevent the water from passing downward. 

ih). In Arid and Semi- Arid Countries. 
In arid and semi-arid countries the rainfall being much less than in humid 
countries, the underground water is correspondingly less, provided the geologic 
conditions do not chance to be especially favorable to the conservation of the 
small amount of precipitation. Where the geologic conditions are unfavorable 
one rarely obtains water in any considerable quantity by digging. It sometimes 
happens, though, that the geologic formations in arid countries are most favora- 
ble for preserving the rainfall. This is true to so great an extent in many parts 
of mountainous countries, and frequently on the great plains, that instead of 
there being a scarcity of available well water there is actually a larger amount 
than in the ordinary humid country. If the surface material is loose and porous, 
consisting principally of sand and gravel and clays, and if the surface mantle 
rests upon an impervious floor, such as a bed of shale or of compact and unfrac- 
tured limestone, we have favorable conditions for absorbing and holding whatever 
water may be precipitated. The dry and ix)rous surface will readily absorb the 
rain. But as the water works downward it soon comes in contact with the im- 
pervious floor, and consequently cannot go further. If, then, the surface of the 
floor is not too steeply inclined, the conditions are favorable for the accumula- 
tion of large quantities of water in the porous material above, which serves as a 
great reservoir for the water. All that is necessary to obtain water by digging, 
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under such conditions, is to sink the well to a depth below the upper surface 
of the water thus accumulated. 

Fortunately the greater portion of the vast plains lying east of the Rocky 
mountains and extending north and south from Mexico into Canada possesses 
the qualities just described, and as a result water can be found in more or less 
abundance by digging throughout the whole plains area. In many parts of 
mountainous countries similar conditions obtain. A valley is partially filled with 
the loose detrital material obtained from the decay of the mountain side. Such 
accumulated products absorb the water from the scanty rains and melting snows 
with great readiness and hold it concealed beneath the surface so that evapora- 
tion has little effect upon it. Often the valley has an impervious floor which will 
arrest the water in its downward movement and cause it to be held in place, or 
allow it to gradually work its way down the valley through the porous material, 
and burst forth at some point below in the form of mountain springs. 

Here also in the arid countries the geologic conditions of the area considered 
are of great importance — even greater than in humid countries where the pre- 
cipitation is so much more abundant. 

An intelligent study of underground water therefore requires an intimate 
^knowledge of the geology of the country in which water is exjjected to be 
found. This brings the subject into the domains of geology. Water is as truly a 
geologic i)roduct, and is governed as extensively by geologic conditions as is any 
other material obtained by mining, such as coal, oil, gas, and the various metal- 
liferous products. In studying the water problem of Kansas, therefore, we must 
first study the general geology of the state. 

Outlines of Kansas Geoh^g-y. 

In Kansas we have a great diversity of conditions. In the eastern part of the 
state the whole country is composed of limestones, sandstones and shales, with 
their products of decomposition. Farther west, in the vicinity of Salina and 
Ellsworth, the Dakota formations, principally sandstones, cover the entire sur- 
face of the country. West of these we have another formation, the Benton, con- 
sisting principally of limestones and shales, above which lie the Niobrara chalk 
beds, and the Fort Pierre shales still above them. On top of all these, over 
large parts of the west, a mantle of varying thickness of sand, gravel and clay 
was spread during Tertiary time. The surface conditions of the state as a whole, 
therefore, are exceedingly varied, and the properties of the different formations 
with reference to absorbing and holding water are likewise greatly diversified. 

(a). 77/r ('(irhoniferous find Prrtnian. 

The eastern fourth of the state is covereti by Carboniferous limestones, sand- 
stones, and shales, with the shalen greatly predominating, equaling about four 
fifths of the total thickness. Such shales are almost impervious to water, and 
rarely produce water in any considerable quantity. The sandstone and limestone 
beds alternate with the shale beds. The limestone beds usually cover wide areas, 
reaching an extent of hundreds of miles laterally. Compared with their great 
lateral extent they are very thin, ranging from 10 feet to 100 feet in thickness. 
The sandstone beds are much more irregular in lateral extent. They vary in 
thickness from a few inches to oO feet or more. Their lateral extent likewise 
varies from only a few yards to a few miles. Perhaps but few instances can be 
found in which one individual sandstone bed has a lateral extent in one direction 
greater than from twenty to forty miles. The shale beds sometimes reach nearly 
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300 feet in thickness and extend from north to south across the state, and from 
the east back to the west as far as we have any knowledge regarding them. 

The water obtained by drilling in the shales or deeply buried sandstones almost 
invariably proves to be salt water. The deep wells at Pittsburg, and possibly in 
a few other instances, are the only exceptions to this rule known in eastern Kan- 
sas. It is therefore useless to hope to obtain a large supply of good water by 
sinking wells to great depths within the Carboniferous shales or sandstones. 
But as this part of the state has a copious rainfall good water for domestic pur- 
poses is as abundant as is generally found elsewhere. The materials produced 
by surface decomposition, the clays, the gravels, the ^ands, form a mantle cover- 
ing the impervious shales and imbibe the rains and melting snows so freely that 
water can usually be found anywhere in the east by digging into such materials. 
Generally it is good, fresh water suitable for domestic purposes. This is particu- 
larly true in the northeast part, where the surface has an extra covering of sands 
and clays and gravels accumulated during glacial time by glacial agencies. 

(b). The Red-Beds. 

Immediately above the Permian over the southern part of the state a mass of 
clay, shales and sandstones occurs usually known as the Red-Beds, in allusion 
to their strong brick-red or dark red color. The exact geologic correlation of this 
formation is a little in doubt. Prosser,* who has recently studied them, correlates 
them with the Permian. They cover a considerable portion of the state south 
and west of the Arkansas River. They are immediately overlaid in places by the 
Comanche, a formation which is so limited in extent in Kansas that it is of no 
importance in this connection. At other places they are covered by the Tertiary. 
Here, as elsewhere, the Tertiary is the main water-bearing formation, and there- 
fore the character of the Red-Beds is of considerable importance. The color is 
due to an excessive amount of red iron oxide which seems to have been accumu- 
lated with the clays and sands of which they are composed. Here and there 
they contain heavy deposits of gypsum, such as the Medicine Lodge gypsum, and 
are always more or less mineralized with salt and magnesium sulphate and other 
products of ocean water. It therefore seems that they were laid down in a water 
which at one time was ocean water, but which by some movement of the earth 
was shut off from the ocean and evaporated to so great an extent that the water 
became unusually strongly mineralized. The total absence of fossils within the 
Red-Beds of the state implies the same origin, as it is probable the water was so 
saturated that no form of life could exist within it. 

The character of the materials constituting the Red-Beds is such that they 
are exceedingly compact and fine-grained, proper conditions for preventing 
the percolation of water through them. We therefore have no reason for 
hoping a well put down in the Red-Beds would produce water in any con- 
siderable quantity. Soluble mineral matter is so abundant within them 
that should one find small quantities of water It would be so highly mineral- 
ized, and particularly it would carry so much salt, that it would be entirely 
unfit for domestic purposes. 

The thickness of the Red-Beds in the eastern part of the territory under 
consideration is not very great; in fact, the beds gradually thin on the east 
before the Arkansas river is reached. Westward they thicken to an unknown 
extent. In Meade county it is quite probable they have a thickness of from 
1,000 to 1,200 feet, although no authentic well record is preserved showing what 
their total thickness is. 
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From the description of the Permian already given it will be seen that 
the rocks immediately below the Red-Beds have no favorable water qual- 
ities. If one should be drilling for water, therefore, anywhere in the south- 
western part of the state, and should strike the Red-Beds, from every stand- 
point it is desirable for operations to cease. The Red-Beds will probably fur- 
nish him little if any water. Below them we have the Permian shales, which 
likewise would furnish but little if any water unless some sandstone stratum 
should happen to be reached. Should water be found in either one of the 
formations it is almost certain to be so charged with salt and other* mineral 
material that it would be unfit for domestic use. 

(cj. The Dakota. 

The Dakota formation in Kansas covers a considerable proportion of the 
surface throughout the central part of the state. It is most prominent in 
the vicinity of Washington, Cloud, Ottawa, Saline, Russell, Ellsworth, Mc- 
Pherson, Rice and Pawnee counties, although lesser areas are found else- 
where. It extends westward, probably underlying the whole of the western 
part of the state. It reaches far beyond the limits of Kansas. Northward 
it is known to reach the British possessions, and southward it extends to 
New Mexico and Texas. Westward it reaches to the foothills area of the 
Rocky mountains. It is only occasionally exposed at the surface throughout 
this entire distance, but generally is covered to varying depths by overlying 
formations. . 

In character the materials of the Dakota vary between difterent kinds of* 
shale and sandstone. As the latter is usually the most prominent feature 
of the formation it is frequently spoken of simply as the Dakota sandstone, 
although perhaps nowhere could there be found an entire absence of shale. 
Oenerally there are from two to four beds of sandstone separated from each 
other by intervening beds of shale. 

The character of the sandstone is remarkably uniform, especially so when 
we consider that it covers so wide an area. The sand grains in it vary from 
one-eighth of an inch to perhaps one-thousandth of an inch in diameter, 
with occasional individuals outside of these extremes. But in most places 
the grains are remarkably even in size, producing a sandstone of medium 
texture. But little foreign material is found associated with the quartz sand. 
As far as yet discovered no grains of feldspar have been found. The cement- 
ing material which holds the sand grains together is usually present in 
Mmited quantity, leaving an unusually porous rock. This is a point of great 
practical value, for it allows the sandstone to have a capacity for holding 
and transmitting much larger quantities of water than would be possible 
were the little openings between the grains of sand more nearly filled by 
cement 

The Dakota sandstone where exposed to the surface in Kansas is always 
highly colored with brown iron oxide. The intensity of the color varies from 
place to place with the varying amount of iron oxide, but this is always 
present in sufficient quantities to produce a strong color. Beyond the limits 
of Kansas the same coloring matter is frequently found, particularly in the 
Dakotas. Westward in Colorado it is less abundant. In fact the Dakota 
sandstone of eastern Colorado is no more highly colored than ordinary sand- 
stone. 

The Dakota formation is one of the meet important water-bearing terranes in 
America. Having so wide a jfeographic extent it exists in different parts of the 
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country under varying climatic conditions. In general, it is true, it occurs only 
in arid, or semi-arid parts of America, but with all this it is possible for it to 
gather large quantities of water from rainfall and melting snows, and from 
streams which flow over it. Its porosity underground seems to be about the 
same as that above ground, so that the movement of water from place to place 
within it is entirely independent of mere accidental surface exposure. In locali- 
ties where it is covered several hundred feet deep by impervious layers, so that a 
head or pressure can be produced by an eastward movement of water within it, 
such prefigure is sure to follow. As a result of this, when reached by the drill in 
well boring there is always an upward movement of water in the well. In many 
parts of America this is sufficiently strong to pnxluce a strong artesian flow, 
while elsewhere the pressure is so limited a flow from the surface is not obtained. 
Perhaps the greatest pressure thus far discovered in this sandstone is in North 
and South Dakota. Here at places the pressure equals four hundred pounds to 
the square inch. In eastern C'olorado and western Kansas artesian wells ob- 
tained from this source are by no means rare. It is probable that water can be 
obtained anywhere in the state in localities where the Dakota sandstone is cov- 
ered by an impervious layer sufficient to prevent too great a loss by seepage. 

The accompanying geological map, Plate XXIII, is marked with the areas over 
which the Dakota is exposed at the surface. The reader may place great faith 
in the statement that it underlies practicafly all the territory to the west of these 
exposures, and that it may be reached by drilling, and that water may be 
obtained from it. 
• (d). The Benton . 

The Benton formation immediately overlies the Dakota, and reaches a thick- 
ness of about 400 feet. Its surface exposures are represented on the geological 
map, to which the reader is referred. It reaches westward and northward beyond 
the areas where it is exposed at the surface, so that a well drilled at any point to 
the northwest beyond such limits would penetrate it if carried sufficiently deep, 
and would pass through about 400 feet of the Benton before reaching the Da- 
kota. Tlie Benton likewise has a great lateral extent, reaching north and south 
and west perhaps as far as the Dakota itself, as already described. 

The Benton is composed of alternating beds of shale and limestone, with the 
shale greatly predominating. The uppermost part of the formation is shale, be* 
low which a number of thin beds of limestone are found, separated from each 
other by thin beds of shale. These limestone layers frequently are no more than 
12 inches thick, yet they have a lateral extent almost as great as the Benton for- 
mation itself. One of these layers is particularly noteworthy. It is quarried 
from the north side of the state to the Arkansas river, and used for fence posts, 
and is hence generally called the post-stone. In traveling over the country one 
can always recognize his proximity to outcroppings of this limestone by the fre- 
quency of the stone fence posts. Sometimes they are hauled for distances of 
from 5 to 10 miles, so that finding them in use is but little indication that the 
fence-post layer may be found at any particular place. Above the fence-post lime- 
stone horizon the greater jjart of the Benton is a black or dark blue shale. Here 
and there traces of limestone occur within it and marine invertebrate fossils, par- 
ticularly at certain horizons. 

At the summit of the Benton, imbedded in the black shale, concretionary 
masses of calcite colored brown with impurities occur in great abundance. They 
are oval in shape and sometimes reach the large size of from 6 to 10 feet in diam- 
eter. On the prairies where this particular horizon is exposed at the surface, 
these concretions prcxluce a unique appearance in the landscape, often recalling 

Digitized by^^(J(Jy K:! 



Haworth.] Geology of Underground Watei\ 57 

the shocks of hay in a meadow. On account of their color being so similar to 
ordinary zinc blend, the most common ore of zinc, different parties at many places 
in the state. have mistaken them for zinc ore. 

It will be seen from the foregoing description of the Benton that no one need 
reasonably expect any considerable amount of water to be found anywhere within 
the entire 400 feet of the formation. No shale beds in the state are known which 
are more nearly impervious to water than are these Benton shales. In some 
places they are exceedingly bituminous, so much so, in fact, that they emit a 
strong odor of petroleum, and are reported to contain enough oil to burn when 
properly handled. This supply of carbonaceous material would make them all 
the more impervious to water, and would correspondingly decrease the probabil- 
ities of finding water in them. Further, they are known to be partially saturated 
with salt. In certain parts of the state salt marshes exist which seem to get their 
salt partly from the Benton shales, although possibly some of the salt comes 
from the Dakota shales. 

(e). 2"he Niohrdra, 

Above the Benton formation lies the Niobrara, which is exposed along a rela- 
tively narrow strip just west of the Benton, reaching from Jewell county to Ham- 
ilton county, on the western border of the state. As far as we now know none of 
the Niobrara exists in the state south of the Arkansas river. 

In character the Niobrara is principally a limestone of a chalk- like nature, the 
chalk of Kansas being confined entirely to the Niobrara. Chalk beds immedi- 
ately overlie the concretionary shales of the upper Benton, above which is a mass 
of shale from 20 to 40 feet thick. This shale is a dark blue on fresh surfaces, but 
upon exposure weathers into a chalk-looking material which in many respects re- 
sembles chalk itself. Above the shale-like beds is another mass of chalk. The 
whole of the Niobrara formation in Kansas equals about 400 feet in thickness at 
places where it is exposed to the surface. Gilbert * gives a much greater thickness 
for the Niobrara where exposed in Colorado. We may therefore conclude that it 
appreciably thickens westward. This is a point of considerable importance, for 
it increases the depth one would have to drill in order to reaoh the Dakota sand- 
stone. 

The Niobrara is no more of a water-bearing formation than the Benton is. 
In fact, the great chalk beds are as nearly entirely free from water sis any forma- 
tion known. No encouragement can be given, therefore, for expecting water 
from within them. If a driller penetrates the Niobrara chalk work should be 
suspended at once unless the intention is to pass through both the Niobrara and 
the Benton and to reach the Dakota sandstone below. 

(f). The Fort Pierre. 

In the extreme northwestern part of the stiite a still higher member of the 
Cretaceous is found, the Fort Pierre. This is exposed to the surface over such a 
small area that it can hardly be recognized on a geologic map drawn to the scale 
of the accompanying one. It is found along the upper waters of the tributaries 
of the Republican in the extreme northwestern part of the state. 

The Fort Pierre consists of heavy, dark-colored shales, with only a small 
amount of calcareous material here and there in it. As far as we^now know these 
shales are about 100 feet in maximum thickness within the state, although it is 
well know^n that they increase greatly in thickness in Colorado to the west. 

The Fort Pierre, like the Niobrara and the Benton, is a formation entirely 
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void of water. We have therefore a mass of Cretaceous shales and limestones 
aggregating between 800 and 900 feet in thickness, throughout all of which there 
is practically no water whatever to be obtained. The character of all this mate- 
rial is such that it is practically impervious to water. Therefore in their western 
extent they form an impervious floor upon which the water-bearing Tertiary ma- 
terial is laid down. Any one searching for water in any part of western Kansas 
can recognize these formations when reached by the drill. The Tertiary mate- 
rial above, the water-bearing material, is so different in character from the Cre- 
taceous floor that no difficulty can be experienced by any one in distinguishing 
between them. The well drillers over the state have already learned to recognize 
this difference, and from a somewhat costly experience they have likewise learned 
the uselessness of searching for water anywhere within the Fort Pierre, the Nio- 
brara, or the Benton formations. The advice therefore should be emphatic that 
when the drill reaches the uppermost of these horizons all drilling should cease 
unless it is intended to pass through the barren strata and draw water from the 
Dakota sandstone. 

(g). The Tertiary and Pleistocene,* 

Overlying a large part of the western half of Kansas, aggregating in fact 
nearly two-fifths of the entire area of the state, we find a thin mantle of sand and 
clay and gravel, with a maximum thickness of about 350 feet, which from paleon- 
tological evidence is known to be Tertiary and Pleistocene in age. The material is 
Burprisingly regular when considered in a general way. It is essentially the same 
in the north part of the state as in the south. It is so nearly identical in general 
appearance and character of composition that one soon learns to recognize it 
anywhere it may be seen. If considered in more detail, however, great differ- 
ences will be found. The sand varies from exceedingly fine sand to coarse sand 
or gravel. The gravel varies from a coarse sand to pebbles from 4 to 5 inches in 
diameter. The clay in places is almost pure clay, having a high grade of plas- 
ticity. Elsewhere it is intimately mixed with a fine sand of uniform grains, 
reproducing in every respect deposits similar to the glacial loess deposits so 
abundant farther east and northeast. 

In mode of arrangement there is great irregularity, yet an approach to 
legularity. In general the clay is found on top, immediately at the surface 
and has been called the plains marl. This is not always true however, 
for in many localities the surface to a depth of from 20 to 40 feet is occupied 
by sand with but little clay intermingled, while clay is liable to be found 
at any depth below the surface. The sand beds are irregular in distribution. 
Sometimes they consist of heavy beds of relatively great thickness; else- 
where they are in thin beds with clay beds or gravel beds interspersed. The 
gravel beds likewise are unevenly distributed, occurring frequently at the 
base of the Tertiary, but almost as frequently at intermediate horizons, and 
not at all rarely at the surface. These are the more commonly noted posi- 
tions in which the different beds of material are found. It should be under- 
stood, however, that in places there is the greatest irregularity. Clay beds 
lenticular in shape, varying in thickness from 5 to 100 feet, are liable to be 
met with at any place. Gravel beds of like irregularity of thickness and 
outline are known, while sand beds occur here and there at times in as irreg- 
ular a manner as could well be imangined. 

Another feature of the Tertiary deposits which is very characteristic is the 



♦As the Tertiao of these dep*>Mits «frados into the Pleistocene on the .surface, no attempt is 
here made to di^tinifuish l)»'tween tliem, as tliey are both eciually water-hearing. 
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great abundance of calcium carbonate found within them. During the prep- 
aration for exhibition of the materials obtained from the different state 
wells it was found that in every instance each sample of the material which 
came from a depth of more than 5 or 6 feet below the surface had a suffi- 
cient amount of calcium carbonate in it to cause it to efCervesce strongly when 
treated with an acid. This calcium carbonate is present in great quantities 
in places, and cements the sands and gravel so strongly that a firm rock is 
occasionally produced. Such beds resist erosion much better than unce- 
niented beds of clays and finer sands. As a result of this they are usually 
prominent along the bluffs of the various rivers and lesser streams. This 
is true to so great an extent that one can scarcely travel ten or twenty miles 
in any direction without observing them, excepting he chooses his journey 
on the high and unbroken uplands. See plate VI. 

Such an accumulation of sand and gravel of various degrees of coarse- 
ness cemented together in the way indicated has been named the mortar 
beds, and are known in geologic literature by this designation. The mortar 
beds formations have sometimes been described as occurring near the bot- 
tom of the Tertiary. Our observations in Kansas, however, have not sub- 
stantiated this view. In most localities the most prominent strata, the 
mortar beds, are far removed from the Cretaceous floor beneath. This is 
true m so great a majority of cases that few instances are known in which 
the mortar beds rest entirely on the Cretaceous. Almost every stream 
whether large or small throughout the whole Tertiary area of the state has 
the mortar beds exposed, generally on the uppermost part of the material 
of the bluff. This is notably so along the north bank of the Arkansas 
river from Garden City to Dodge City, along the banks of the Saw-Log 
and Buckner to the north of Dodge, along the bluffs of the Prairie Dog 
throughout its course in the Tertiary, along the high uplands on either side 
of the Saline river, and preeminently along Crooked creek and the Cimarron 
river in Meade and Seward counties. At Arkalon the river channel is cut 
down into the Tertiary nearly 200 feet. The mortar beds are very prominent 
near the upper level of the bluffs, and are scarcely to be noted lower down. 
Frequently two or more strata of the mortar beds will be found in one indi- 
vidual bluff separated from each other by layers of exceedingly fine sand 
mixed with clay. 

The records also of the different state wells which have been drilled con- 
firm the view that the mortar beds occur irregularly, rather than imme- 
diately above the Cretaceous. The materials from these wells have been 
studied with great care and in not a single instance was the ground water 
found within the mortar beds. The sand and the gravel carrying the water 
seem not t<» "be cemented by the calcium carbonate. For a full discussion of 
the physical properties of the Tertiary, the reader is referred to the article 
on the Tertiary in Volume II. of the University Geological Survey of Kansas. 

The character of the Tertiary material is most favorable for the absorp- 
tion of water. Almost everywhere the surface conditions are such that rain 
is readily absorbed. It is this property in connection with the impervious 
underlying Cretaceous floor which has made it possible for such vast quan- 
tities of underground water to exist on thc^ great plains. The rains and snows 
are largely absorbed by the Tertiary material, but the impervious Cretaceous 
floor prevents the downward movement of the water and permits it to accumu- 
late in the lower parts of the Tertiary just above the surface of the Cre- 
taceous. 
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C'liaraetor of the Floor. 

As has already been stated, the formation lying first beneath the Tertiary 
sands and gravel serves as a floor for the Tertiary water to rest upon. Without 
this we would have but little chance to find an accumulation of water on the 
great plains. It is therofore important to study the floor in this connection. 
From the foregoing description it will be seen that could the thin mantle of Ter- 
tiary be removed the upper surface of the ground at one place would be the rfx?ks 
of one formation, and in another those of a different formation. The floor under- 
lying the Tertiary, therefore, is not alike in all places, but with the exception of 
a few small areas where the Tertiary rests upon the Dakota, this floor is about 
equally impervious. In the northwestern part of the state where it rests upon 
the Fort Pierre shales, and a little farther to the east, where it lies upon the Nio- 
brara, or farther east still, where it rests ujjon the Benton, or to the southeast, 
where it rests upon the Red-Beds, in all these places the floor is practically im- 
pervious to water. 

There are good reasons for believing that before the Tertiary materials were 
deposited the plains area was lifted into dry land and subjected to the weather- 
ing agencies of the atmosphere, the rains and the snows, the freezes and thaws, 
and that as a result the surface was worn into hills and hollows corresponding 
in general appearance with the surface of the land at the present time. Such ir- 
regularities produced in this way were covered by the Tertiary materials. It 
must follow from this that underneath the Tertiary such irregularities exist in 
the floor upon which the ground water now rests. No one can determine the 
exact character of the floor in any one locality, unless there are some special sur- 
face indications regarding it, without exploring with the drill. We know that 
the general inclination of the floor is eastward at an angle upon the average about 
the same as the inclination of the land surface. For example, the Tertiary cov- 
ering has about the same thickness in Cheyenne county that it has in Stafford 
county. Now the general elevation of the surface in Cheyenne county is at)out 
3,300 feet above sea level, while that of Stafford county is less than 2,000. The 
surface of the underground floor therefore must decline 1,300 feet in this distance, 
corresponding with the general inclination of the (!ountry. In some places the 
inclination of the floor is greater than in others. Through the western 100 miles 
of the state it will average from 7 to 8 feet to the mile eastward. Here and there 
local variations occur causing the maximum variation to be to the northeast, or 
southeast, or some other direction at a greatly increasing angle. In the southwest- 
ern part of Clark county, for example, the inclination southward from near Minne- 
ola to the south line of the state is close to 20 feet to the mile, and in some places w 
even more than ,30 feet to the mile. Likewise, along the south line of the state in 
Meade county the indication eastward is more than 20 feet to the ,mile. These 
high angles, however, are unusual and do not by any means represent the average. 
Still it is probable that there are many places through the state where the upfjer 
surface of the floor has local inclinations fully as great and probably even greater. 

Such considerations as these are of the greatest importance in connection with 
the study of the underground water of the west. A hole may be put down in one 
place and find no water whatever, the drill penetrating the floor on one of the 
upper ridges at a point above the upper surface of the water level. Possibly 
half a mile, or a quarter of a mile, or even less distance away a hole might l>e 
drilled so that the floor would not he reached until after the water level was 
passed. It would therefore furnish an abundance of water. Many instances are 
known in which wells have prove<l entirely barren, while other wells less than a 
hundred yards away have been productive of good and wholesome water. Such 
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conditions are easily understood from the foregoing explanation. The great dif- 
ficulty in predicting where water can be found and where not lies in our slight 
knowledge of the details of the irregularities in the surface of the underground 
floor. Any one with ordinary ability for accurate observation can make a survey 
of his premises and determine closely the conditions of the floor as regards its 
irregularities. If a ravine or a creek has cut entirely through the Tertiary, and 
has exposed the limestone or shale along the bluffs, it is certain that the floor 
has been reached. The probabilities are, therefore, that the same materials ex- 
tend outwards from the creek and underlie the Tertiary at no considerable depth. 

A good illustration of this is found north of Dodge City. The little creek 
called the Saw Log along a part of its course has cut through the Tertiary and 
exposed the Cretaceous along its bluffs. Westward a point is reached where 
the erosive processes of the stream have not reached the Cretaceous floor, but 
over a considerable area reaching westward more than two miles drilling has 
shown that the Cretaceous floor is near the surface, and probably exists in the 
form of a gentle ridge, so that no water is found above it. Wells put down in 
this particular locality strike the shale before water is reached, while either to 
the north or south water can be found in great abundance. 

The conditions in Cheyenne county are similar. The tributaries to the Re- 
publican have cut their way through the Tertiary into the Fort Pierre shales in 
a few places. Of course no water can be found by drilling in those shales. 
However, many wells have been started in the Tertiary with apparently good 
reasons for expecting water could be found. But upon sinking only a limited 
distance the drill would strike the Fort Pierre shales, when all hope of finding 
water would therefore have to be abandoned. Another good illustration of this 
is in the town of Stockton, Rooks county. Here the valley of the North Solomon 
has been cut down into the Niobrara chalk for 100 feet or more. Subsequently 
a filling in process occurred until the valley was filled to a depth of from 30 to 50 
feet, producing a broad level surface over which the river fiows as it now exists. 
Well drilling on the different lots in Stockton yields varying results. In one part 
of the town water can be found in great abundance. In another part, however, 
water is not found, but in its stead the chalk is reached at a depth less than that 
at which water is found on adjoining lots. The explanation is easily understood. 
An underground ridge of the chalk beds extends outward into the valley some 
distance, a ridge similar to that which we so often see along the valleys at the 
present time. The old Solomon river valley is filled with water to a certain level. 
A well drilled in it at any point where the water level covers the chalk bed floor 
will find an abundance of water. But should the drill be started over one of 
these chalk ridges which extends down into the valley so that the surface of the 
chalk is higher than the underground water level, of course no water could be 
found. 

These illustrations are sufficient to show the importance of a careful study of 
the character of the underground floor, the impervious floor upon which the 
Tertiary waters and the Tertiary material rest. No one phase of the geology 
of the western part of Kansas is of more practical importance to those seeking 
for water. 

ClaHseH of Undergrroiiiid Water. 

In the discussion of underground waters on the plains, it is well to bear in 
mind the different conditions under which water exists, and the different classes 
into which the underground waters may be divided with reference to the geologic 
character of the materials in which they are found. Geologically we have two 
great classes of water. One exists in the Dakota sandstone. It probably has a 
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slow movement eastward, has principally been gathered from the rains falling 
in the eastern part of Colorado and farther to the north over areas where the 
Dakota sandstone is exposed to the surface, and in its eastward movement 
passes underneath the Benton and Niobrara and superior Cretaceous formations, 
so that in most places it exists under a pressure sufficient to cause it to rise an 
appreciable distance above the level at which it is found by the drill, giving 
artesian wells, or wells decidedly artesian in character. 

The other water is that which is commonly known as underground water, sheet 
water, or underflow, as these expressions are understood by the citizens of western 
Kansas. It is confined to the Tertiary sands and gravel. It lies immediately 
above the impervious Cretaceous or Red-Beds floor, and is sufficient in quantity 
to more than saturate the mjvterials in which it exists for a distance above the 
floor varying from 5 feet to more than 100 feet. Throughout the greater part of 
the plains area, therefore, these two classes of water are separated from each 
other by all of the Benton and higher Cretaceous deposits. In rare cases, how- 
ever, the Tertiary rests immediately on the Dakota sands, permitting the Terti- 
ary water and the Dakota water to commingle. Could we exhaust the supply 
of either one to an appreciable degree, the other would doubtless be drawn upon 
and a movement would be set up from one into the other. Still, for convenience 
of discussion and clear presentation of the water conditions, it is desirable that 
the two classes should be discuased separately. 



WATER IN THE DAKOTA SANDSTONE. 

The Dakota formation consists largely of beds of sandstone aggregating a 
thickness of from 200 to 700 feet. The sand grains in this sandstone are gener- 
ally but poorly cemented together, leaving spaces between them which may well 
serve as receptacles for water. The Dakota sandstone covers the greater part of 
the plains area from the British possessions on the north to Texas on the south. 
Throughout this entire distance, it extends westward to the mountainous area, 
lapping up on the foothills along the eastward slope of the Rocky mountains, or 
capping the ridge generally known as the "Hogback," lying just east of the 
mountains in Colorado, as has been so well shown by Gilbert in his recent article 
on water conditions in eastern Colorado. 

Professor Todd * has recently estimated that the Dakota is exposed to the 
surface over not less than three thousand square miles between the north line of 
Colorado and the Canadian boundary. Mr. Gilbert! mentions a number of 
places in Colorado where the Dakota is similarly exposed, all of which he thinks 
will aggregate from sixteen hundred to seventeen hundred square miles. These 
estimates for local areas by no means include all the surface exposures. We 
have also a very considerable increase directly from streams. At the Great Falls 
of the Missouri in Montana, Colonel Nettleton has estimated that as much as 834 
cubic feet of water per second, or about 1,673 acre feet per day, is lost by the 
river. It is probable that all or nearly all of this vast amount enters the Dakota 
sandstone. The North Platte river, the Big Horn, the Yellowstone, and other 
streams likewise cross the Dakota and evidently supply it with large quantities 
of water. In addition to all this there are areas where the Dakota is immediately 
overlain by the Tertiary. How extensive the contact is between these two for- 
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mations no one can even give an approximation. It is certain in Kansas that iu 
two or three places such a contact exists, and that the general Tertiary under- 
ground water has an opportunity to be absorbed by the Dakota sandstone. We 
may reasonably suppose that like areas exist in many places over the great 
plains. The result of this would be to produce an interchange of water between 
the two, so that there would be a movement in whatever direction the forces 
governing the flow would determine. This adds vastly to the possibilities of 
water in the Dakota, for it so greatly increases the gathering ground from which 
water may be derived. 

It may well be asked what becomes of this lafge amount of water imbibed 
by the Dakota sandstone. The answer is easily given. It should be remem- 
bered that the area covered by the Dakota sandstone is exceedingly great, 
being nearly five hundred miles in width and about three times as long. The 
opportunities for leakage over this large area cannot be calculated, for no one 
knows the details of the formations both above and below the Dakota suffi- 
ciently to give any rational estimate of where and how much leakage will take 
place. In many places we know that springs occur, particularly in those 
places where the Dakota is exposed directly to the surface, such springs 
being wholly or partially sustained by the waters imbil>ed far to the west. 
The remainder of the water taken in by the Dakota is held within its volume 
at the present time and, in general, may everywhere be rendered available by 
drilling into it. 

We therefore have a great geologic formation covering many thousands 
of square miles, which is a continuous underground sheet for thousands of 
miles in extent, and which has been imbibing water from the rains and 
snows perhaps for thousands of centuries. It has thus become a great under- 
ground reservoir filled with water, the leaks from which are known in the 
form of springs and seeps along Its eastern borders in many places where it 
is brought to the surface, and along the banks of streams which have cut 
their channels downward until the Dakota has been reached. 

In a general way it may safely be said that all that is necessary to obtain 
water on the great plains is to penetrate the Dakota sandstone. This prop- 
osition, although true in a general way, may not be verified in every instance. 
It is reasonable to suppose that a rock mass covering so wide an area is not 
perfectly uniform throughout. Here and there may be areas where the 
cementing material is more abundant than ordinarily, or where the grains 
of sand are finer, or where the sand beds in their original form had silt and 
clay intermingled to a sufficient extent to produce a relatively impervious 
mass. We know, in part, that such conditions obtain at irregular intervals, 
and that consequently a drill hole made in such a place will yield but little 
if any water; not because the great Dakota beds were not reached, but be- 
cause they were reached at a place where the open spaces between the sand 
grains had been filled with clay, or mud, or cementing material, so that water 
could scarcely flow through. 

The conditions governing artesian wells are so generally known by all 
classes of people at the present time that it would seem unnecessary to devote 
space to a discussion of the general principles regarding them. All that is 
necessary is to have a water-bearing stratum closed both above and below by 
an impervious layer, the water-bearing stratum to be so arranged that at 
places within it the movement of the water is retarded by one cause or 
another so that a pressure, or head, is established. The ideal way to estab- 
lish such a pressure is to have the stratum occupy a trough, or valley, with its 
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extremities on either side being higher than the valley. This condition is not 
necessary, neither does it obtain in any considerable extent on the great 
plains. If the water-bearing stratum has unequal degrees of porosity through- 
out it, or if it is greatly thickened over its gathering areas, or thinned in the 
opposite direction, a retarding of the movement of the water within it would 
produce a head so that artesian effects would result This latter ocmdition 
is the one which makes it possible for the Dakota formation to give artesiaii 
water. Along its western extremities it will average from 4,000 to 6,000 feet 
above the sea level, while along its eastern limits its elevation is from 1,200 
to 1,800 feet. Such a difference in elevation would produce a water pres- 
sure sufficient to raise a stream of water in the eastern part more than 
1,000 feet high, were it not that the leaks are so great the pressure is kept 
down. 

The conditions of the Dakota sandstone may be illuRtrated by a pipe filled 
with sand into which water i.s being poured as rapidly as the sand at the 
receiving end can receive it. Suppose this pipe is inclined at a gentle angle. The 
water will flow from the higher end to the lower. If the diameter is constant 
throughout and the character of the sand filling is constant, the water will flow 
as rapidly in one place as in another, and therefore its movement will correspond 
to water in an open trough. But if the diameter were restricted at different 
places, or if the sand filling were made finer at one place than another, there 
would be produced certain points through which the water would have to travel 
more slowly than the possibilities in other parts. In this way above such points 
of retardation of movement a pressure would be set up. Should the pipe be 
tapped above such a place the pressure would be sufficient to cause the water 
to flow upwards in a stream corresponding to an artesian well. 

The Dakota sandstone has no place within it where the movement is entirely 
stopjjed, but the strata vary in thickness, pinching out at places to half or a third 
the thickness elsewhere. We may reasonably suppose, also, that the cementing 
materials are much more abundant in some places than in others, and that the 
spaces between the sand grains are correspondingly filled with the cementing 
material to different degrees, so that the amount of water which can pass a given 
point at a given time is variable, but that nowhere is it entirely shut out. 

Experience in drilling for water in the Dakotas, in Nebraska, in Colorado, in 
Kansas and elsewhere abundantly verifies the conclusions just given, that in a 
general way one may confidently expect to obtain water in large supplies wher- 
ever his drill penetrates the Dakota sandstone. Artesian water has been found 
in all of these states in Tertiary or Pleistocene formations, so that the reader 
should not assume from what has been said that all the artesian water in them 
is obtained from the Dakota. Yet throughout the whole plains area in general 
the Dakota sandstone is the principal artesian formation. In Minnesota, in the 
Red river valley the artesian water is principally found in the Pleistocene, like- 
wise in North Dakota the Pleistocene formations furnish artesian water in Rich- 
land, Cass, Traill, Grand Forks, and other counties. But the most substantial 
wells of the Dakotas and Minnesota are from the Dakota sandstone. In the 
Dakotas the principal wells are at Vermillion, Yankton, Tindale, Mitchell, Plank- 
inton, Kimball, Chamberlain, Letcher, Woonsockey, Artesian City, Vilas, Huron, 
Brookings, Miller, Highmore, Harold, Hitchcock, Redhill, Frankfort, Greens- 
burg, Ashton, Andover, Aberdeen, Columbia, Ipswich, Ellendale, Jamestown, 
and Devil's Lake, all of which draw water from the Dakota sandstone. 

The artesian wells of eastern Colorado almost all come from the Dakota sand- 
stone. This is true of all those along the Arkansas river valley from Cafion City 
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to the Kansas state line. The depth at which the water is found varies greatly. 
In some places it is but a few hundred feet, in others it is more than a thousand. 
The amount of water obtained from a^-tesian wells in Colorado at the present 
time is not very great, but many t'me' the total production of Kansas. The 
best wells perhaps are found at Rocky Ford and vicinity, at which place one 
well is reported * to yield 156 gallons per minute, a second well, 68 gallons per 
minute, and a third well, 60 gallons per minute, which makes them much 
stronger than any wells in Kansas. 

In Kansas all of the artesian waters in the western part of the state, except- 
ing those of Meade county, are from the Dakota sandstone. Thus far the best 
flow has been found in the vicinity of Coolidge. Quite a number of wells have 
been drilled here, each of which obtained a good flow provided it was properly 
cased. Many of such wells have stopped flowing. A slight investigation of the 
matter convinced the writer that the cause was a destruction of the casing 
by corrosion. The common ground water in the river valley at this place is 
found at from 6 to 12 feet below the surface. Were, an artesian well drilled and 
not cased the artesian water would evidently rise to a point where it could spread 
laterally, and no further. Such a point would be found where it reached the 
level of the underground water in the river valley. The casing which was em- 
ployed for these wells at Coolidge was usually made of galvanized sheet iron. It 
required but a few years' time for such casing to become corroded so that it 
leaked and allowed the artesian water to spread laterally the same as though no 
casing was employed. In every instance noted the flow has been obtained unin- 
terrupted providing the well was cased with heavy iron piping when it was 
drilled. 

The strongest well known in this locality at present is one owned by Mr. Nolan, 
south of the river and about two miles and a half southeast of Coolidge. It has 
a flow of fully fifty gallons per minute. The wells drilled by Mr. Peck, and used 
to supply the water system of the city of Coolidge, are still flowing as copiously 
as when first drilled. At present pumps are attached which are operated by 
steam power to lift the water to the water tower. The pumps draw the water a 
part of the time directly from the wells, so that during the day a much larger 
quantity of water is obtained from them than could be by the natural flow. The 
pumps are usually run for about ten hours each day, at the rate of about 3,600 
gallons per hour. This lowers the water within the wells to from 20 to 30 feet. 
During the fourteen hours interval the supply is again replenished and the flow 
continued. Almost all the other wells in the vicinity of CooHdge have become 
choked up in the manner indicated above and consequently have little or no flow. 
During the past summer Mr. M. Christenson drilled a well in the eastern part of 
Coolidge on the north side of the river. At a depth of 210 feet he obtained a 
strong flow which, although not measured, has been described as fully equal- 
ing the flow of the Nolan well. 

Eastward along the river the wells at Syracu<)e have penetrated the Dakota 
sandstone and obtained what seemed to be large quantities of water. None of 
these, however, have been cased properly to determine whether or not the water 
would rise above the surface. The probabilities are that should they be properly 
cased artesian water could likewise be found at Syracuse and at places farther 
east. 

At Garden City a deep well was put down during the summer of 1888. It 
passed through the Dakota sandstone and is reported to have furnished large 

* Gilbert, loo. cit., p. 34. 
—6 
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quantities of water. At that time, however, those drilllDg the well were not 
interested in the water found, consequently no attempt was made to case the 
well so that it would flow to the surface. We are therefore in ignorance of the 
exact conditions of the artesian flow at that place. 

A deep well was drilled at Larned some years ago which is reported to have 
obtained a good flow from the Dakota. As the proprietor was wanting a mineral 
water the Dakota water was cased off and the well continued to a depth of 750 
feet, at which point a highly saline water was obtained. A deep well was like- 
wise put down at Great Bend, which obtained water from the Dakota sandstone 
at a depth of about 344 feet. The well was bored much deeper, but found no 
water of any consequence. 

It is therefore probable that water could be obtained from the Dakota sand- 
stone which would rise to the 8urface,'^or nearly to it, throughout the whole of 
the Arkansas river from Coolidge to Great Bend. Without doubt many valuable 
artesion wells could be obtained in this valley. 

Both north and south from the Arkansas river valley the Dakota sandstone 
has been reached by numerous wells, all of which obtained large quantities of 
water. In the vicinity of Ness City different wells carried to a depth of from 250 
to 300 feet have obtained water from the Dakota sandstone. No well has yet 
been drilled in Ness county which obtained a flow at the surface, but in all of 
them the water would rise to within from 35 to 60 feet of the surface, so that 
it could easily be pumped. 

The Shepherd well, southwest of Ness City ( section 25, township 19 north, 
range 24 east), reached an abundant supply of water at a depth of 300 feet which 
rose to within 65 feet of the surface. As this is a typical well, its record, although 
somewhat incomplete, may be given as follows, measuring from the surface 
downward : 



Stratum. 


Thickness. 


Total 
depth. 




Feet. 


Inches. 


Feet. 


1. Surface soil and clay 








2. Limestone ( Fort Benton) 


18 






3. Thin seam of clay shale 






4. Limestone 


20 






5. Clay (probably clay shale) •. 






6. Limestone 




10 
6 
8 




7. Clay (probably clay shale) 


45 




8. Limestone 




9. Shale 


54 




Total depth to this point. 




i36 


10. Record missinflr* ' 


54 
20 


........ 


190 


11. Clay ( proba bly shale) 


210 


12. Coarse loose sandstone (some water) 




13. Blue sandstone 


25 


235 


14. Thin seam of clay (water bearinfir ) 




From this distance to '<XX) feet was an alternation of clay shales 
and sandstone throughout the whole distance, and all was 
water bearing 




300 



South of the river the deep well at Santa F^'* obtained water from the Dakota 
sandstone, as did also a number of other wells to the east, in Meade and Ford 
counties. Invariably the water rose toward the surface. In Morton county at 
Richfield an artesian well was obtained which draws its water from a depth of 
570 feet, from strata which have been called Triassic, but which may be the Dakota. 
FoUett,'*' in describing the Santa F^ well, wrote as follows: 
** In well 173, 160 feet from the surface, the fine sand gave place to blue clay, 

•Follett: Senate Ex. Doc. 41. 52d Cong., lat Session, YoL lY, Pt. II, p. 27. 
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which lasted for 164 feet, and was underlaid by 13 feet of hard blue limestone 
The well was first dug for about 180 feet, and then a 2-inch hole was put down. 
When the drill had passed through the limestone, at a depth of 337 feet below 
the surface, a strong flow of water quickly came near to the top of the drill hole. 
When the pump was put on it was found that the pipe was solidly filled with very 
fine sand. The well was then dug to 240 feet, the hole being three feet square, 
and another 2-inch hole put down through the limestone. This time the water 
spouted out of the drill hole so rapidly that it was with difficulty the tools were 
gotten out of the well. It rose to the level of the water in 172 ( which is 200 feet 
below the surface ) and has since remained there, although pumped for town use 
with steam pump." 

Letters have been received from the Hon. A. W. Stubbs, one of the mana- 
gers of the company, and from J. A. Grayson, who did the drilling, neither 
of whom could give an exact record of the well, although each gave from 
memory a record which was essentially the same as this given by Mr. Follett. 
The 13 feet of hard blue limestone is certainly the Benton limestone, and 
the strong flow of water which, according to Mr. Grayson, was found in a 20- 
odd feet layer of "gravel," without doubt came from the Dakota sandstone. 
This water was good and fresh and was hauled by the wagon load to supply 
almost every family for miles around. Mr. Stubbs adds further, that the well 
went on through 250 feet or more of material about which he was in doubt, 
then through 600 feet of red material which corresponds to the Red-Beds 
exposed to the surface farther east, and at a depth of about 1,250 feet struck 
salt water. 

The details of this well have thus been given for a number of reasons. 
First, to establish the reasonable probability of the record which, finding 
that the original record was lost, some might be inclined to doubt; second,, 
to show that the Dakota sandstone could be reached in Haskell county, and 
that it would produce an apparently unlimited quantity of good fresh water;, 
and third, to show that there are no reasonable grounds for hoping good 
water can be obtained at any depth below. Kansas is full of experiment 
holes the data from which have generally been lost, but which, if saved and 
properly collated, would be worth hundreds of thousands of dollars to her 
citizens. 

This one well in Haskell county may serve as a type for all southwestern 
Kansas. In boring for water one need not stop until the Dakota sandstone 
has been reached and penetrated. But there is no point in the western half 
of the state at which it would be advisable to go below this terrane in search 
for water. 

Artesian water generally the world over is not sufficiently abundant to be 
a very important source of water for irrigation purposes. The artesian 
reservoirs should be looked upon in two ways. First, as a reservoir of water 
the same as a lake is a reservoir, or as a reservoir artificially prepared. 
From this view it is important to know the dimensions of the reservoir and 
the per cent, of the cubical contents which is available water; that is, water 
which may be obtained from such reservoirs before the supply is exhausted. 
The second way of looking upon the artesian water reservoirs contemplates, 
the rapidity of the supply of water to the reservoir. This considers the con- 
stant addition of water. The available water from this standpoint would 
never be greater than the natural addition. If we have an addition of water 
to the Dakota sandstone of so many million cubic feet per year the -Bum 
total of leakage through natural springs and artificially prepared wells 
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should eqiini this addition. The resident of the plains country therefore 
should understand clearly the nature of the supply of water from the Da- 
kota. Doubtless water exists at present in sufficiently large quantities so 
that many hundred square miles could be irrigated in each of the several 
states. 

If, however, the demand for such water should become so great that it 
exceeds the annual supply, the reserve quantity of water in the reservoir 
would be drawn upon. This would result in a diminution of the available 
water somewhere. It would be noticed first over the areas where the sand- 
stone has the greatest elevation — that is, to the west. As the supply was 
constantly decreased the area over which the artesian wells could not be 
^obtained would gradually extend itself eastward until, with a sufficiently great 
use of the water from the sandstone to the east, the whole area would ulti- 
mately become exhausted. Of course this is a theoretical consideration, 
introduced to show the tendencies. No one believes it would be mechan- 
ically possible to entirely accomplish this exhaustion. But such would be 
the tendency. The legitimate use of the underground water, whether arte- 
sian or not, is limited to the supply. Any draft upon a reservoir of water, 
whether a surface lake or an underground lake — any draft upon such bodies 
of water in excess of the regular supply is not to be encouraged excepting 
for • temporary emergencies. Such a proceeding would correspond to the 
individual living upon his capital rather than upon the income from the 
capital. 

There is a wide-spread misconception regarding the amount of available arte- 
sian water. Such misconception Ip due largely to a neglect of the principles just 
explained. When underground water is rapidly drawn upon the supply must 
necessarily diminiph, and the fact that the flow is great at first is no indication 
whatever that it will continue to be great. A careful study of the catchment 
areas and the exact supply of water should always be made before any one places 
much confidence in the permanency of any underground body of water. This 
subject was very clearly and forcibly presented by Major Powell * to the Com- 
mittee on Irrigation of the House of Representatives in the spring of 1890, from 
which statement the following quotations are made, believing that they will be 
interesting and instructive to the readers of this Report : 

ARTESIAN IRRIGATION ON THE GREAT PLAINS. 

ArtasiAD ivperroirs can nev<»r be an important source of water for irruration. The supply of 
-water thus naturally stored is small. The nharo of it which agriculture can economically obtain 
-throuffh wells is still smaller. Though irric^atinn has aided agriculture from the earliest times, 
4ind thouffh artesian wellit have long been understood, the world has succeeded iu using artesian 
-water for agriculture in but a few exceptional sp<»ts. The Great Plains may become one of 
ithese exceptional localities, but the conditions do not warrant great expectations. 

In order to make the!«e propositions clear, it is necessarj' to give consideration to some of the 
igeneral facf^ and principles affecting artesian water supply, to the economic conditions limit- 
ing the utilization of artesian water for irrigation, and to the special conditions existing on the 
Great Plains. A brief account will also be given of such irrigation as is based on artesian water 
supply in various countries of the world. 

GEKEBAL CON8IDERATIOK8 AFFECTING ABTE8IAN WATEB SUPPLY. 

An artesian reservoir is usually a bed of sand or sandstone or other porous rock, included 
between strati of clay or shale or other fine-grained rock through which water cannot freely 
flow. It is necessary that the poms stratum come tn the surface at some point so as to receive 
a supply of water from rain. If all the points at which it comes to the surface or communi* 

*J. W. Powell, Eleventh Annual Report of the Director of the U. S. Geological Survey, Part 
IL, pp. 260 to 275. 
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eates freely witli the surface lie higher than the point at which water is to be drawn through 
wells, the reservoir is of a type which may be denominated as perfect; but if the stratum com- 
municates with the surface also at points which lie lower than the point from which boring is 
made, the reservoir is imperfect. In the case of an imperfect reservoir the possibility of an 
artesian flow depends upon the resistance opposed by the porous bed to the free flow of water. 

Permanent Flow.— The quantity of water which can be annually and in perpetuity drawn 
from an artet^ian well manifestly cannot exceed the quantity annually supplitni to it. The 
quantity annually supplied depends on various factors, chiefly the extent of tlie hiffh-lyinflp 
outcrop, the rainfall on the area of the outcrop, and the capacity of the rock for absorption. 
Ordinarily the rock does not receive the whole of the rainfall, but permits a part of it to run 
off in surface streams, while another part escapes from the surface by evaporation. 

Tlie amount which can he drawn from a reservoir may depend, in additioiv on the ability of 
the porous stratum to convey water. Where the stratum is thin or contains little interstitial 
space, the ixtssible delivery of water is correspondingly small. 

In the cafe of imperfect reservoirs the artesian possibilities are further limited by the nat- 
ural escape of water at lower levels, and to this should be added the loss of water by slow trans- 
mission through the covering strata, for no rock is absolutely impervious to water. 

From a perfect reservoir the water will rise in a well to the height of the outcropping edge 
of the stratum which receives the rainfall; from an imperfect reservoir it will not ri^e so high, 
and the amount of difference is related to the amount of water which escapes at lower levels, 
as well as to the resistance to flow encountered in different parts of the stratum. The height to 
which water will rise in a well depends on the pressure exerted by the water upon the cover of 
the renorvoir, and that pressure is diminished by any draft upon the rerervoir. When an arte- 
sian welt is opened and begins to flow, the pressure from the water of the reservoir is immedi- 
ately diminished by the flow ; in other words, the flowing pressure is less than the static press- 
ure. If the discharge of a well be computed, by the aid of hydraulic formuloe, from the static 
pressure and the size of the bore, such computed discharge will always exceed the actual dis- 
charge, and the difference will usually be great. The difference is caused by the frictional re- 
sistance which the water experiences in moving through the porous stratum. 

In this way the mutual interference of wells is occasioned. The boring of each well reduces 
the static pressure of the water of tlio reservoir all about it, the reduction dimini!«hing outward 
in all directions. Any well bored within the range of this reduction meets with a relatively 
small water pressure and secures a relatively smaU flow. Reciprocally the boring of the second 
well diminishes tlie flow of the first. 

If a series of neighboring wells be bored at the same level, the individual discharge of all 
the wells is progressively diminished, and the total discharge is at first progressively increased, 
but the limit of discharge for the locality is finally reached, and then the boring of additional 
wells gives no advantage. If two wells in the f>ame vicinity head at different levels the one at 
the lower level discharges more water than the other, and the flow of the well or of a group of 
wells may be entirely destroyed by the sinking of new wells at a lower level. The same effect is 
produced by pumping water from wells, which is equivalent to a discharge at lower levels. 

There is moreover, in the case of most wells, a certain amount of waste through the escape 
of water from the well to porous strata lying above the impervious cover of the reservoir. Such 
wa.»to is apt to increase with time, and it manifestly increases with the multiplication of wells. 
It in therefore possible in most artesian districts to destroy absolutely the artesian head by the 
boring of numerous wells. 

Tempobart Flow.— Where the exposed outcrop of the artesian stratum covers a broad area 
and the rainfall is ample, it is usually the fact that the amount of water supplied to it is more 
than can be transmitted through its buried portion ; but if the outcropping edge is narrow and 
lies in an arid region, it may happen that the stratum has capacity for the transmiisston of more 
water than is delivered to it. If these latter relations subsist in the case of a perfect or nearly 
perfect reservoir and that reservoir is tapped by numerous artesian wells, the initial discharge 
of water from the wells is greater than the permanent discharge. The wells in such case draw 
upon a body of water which may have required years for its accumulation^ and their conditions 
of permanent flow are not reached until this accumulation has been exhauKtod. Thus in an- 
other and independent way the flow of artesian wells is liable to be diminished. 

The following data, selected from the records of various artesian districts of the United 
States, illustrate chiefly the phenomena of interference, but they doubtless include also phenom- 
ena of temporary flow. 

Dbuver Basin.— Artesian water was first obtained in the Denver basin in 1883. The flow 
yielded by the first well was so large and the water was of such superior quality for domestic 
use that other wells were put down with great rapidity. There are now in the city and its vicin- 
ity about three hundred wells. Many of the first wells had sufficient pressure to force the water 
into tanks in the tops of the highest buildings in the city, but as the number of wells was in- 



Digitized by 



Google 



70 Report of the Irrigation Board, 

9 

ereaiied the presfrare and flow of the older welln began to diminish, and finally, in the refaoo 
where they are most closely ffronped, they have failed to furnish water without the aid of 
pumpe. Outside the region of closest grouping pressure and flow hare been diminished, but not 
to so great extent, Deep wells are still bored at Denver, but not with the expectaticm of obtain- 
ing artesian flow. 

Dubuque, Iowa.— The first weU at this point for artesian purposes was headed nearly 20O 
feet above the level of the Mississippi river. Water was obtained in great volume and rose 
nearly to the surface. A few years later another well was put down at a lower level, approxi- 
mately too feet above the river. A good flow was obtained, and this led to the boring of numer- 
ous wells. At first all were successful, but it was observed that with the multiplication of wells 
the flow from the older diminished, particularly when the new wells were headed at lower levels. 
Finally an exceedingly large bore was headed in the lower part of the city, but a few feet above 
the river level, and through this an unprecedented flow was developed ; but within a few hours 
the flow from the other wells diminished, and within a few days all of those at the higher levels 
ceased to flow. Eventually the flow from the last-bored well dwindled to not more than twice 
or thrice that of the first well at the 100-foot level, and it is said to be still slowly diminishing. 

Chicago.— The city of Chicago lies over an artesian reservoir, and it was hoped that it could 
be supplied therefrom with water for domestic purposes. But experimentation proved that 
while a few good wells could be secured a great number was impossible, and that the pumping 
necessary to derive a large supply of water would deprive the entire group of its artesian head. 

RocKFOBD, III.— The municipality of Rockford obtains its water supply through five arte- 
sian wells which were bored in succession, and the supply was measured after the addition of 
each well. 

Klow of Wella for Twenty-four Hours. 

No.1 1,000.000 gals. 

Norland 2 2,000,000 " 

Nos. l.JJand 3 2,800.000 ** 

Nos. 1, 2, a and 4 3.000,000 " 

Nos. 1, 2, 3, 4 and 5 3,500,000 ** 

The fifth well thus increased the supply only half as much as did the second. A private well 
was afterwards drilled at a di&tance of 1 mile and at a level 17 feet lower than the city wells, 
when the flow from the city wells immediately fell to 2,600,0(X) gallons. 

Williams Counti, Ohio.— For the last thirty years it has been known that artesian water 
may bo obtained from reservoirs in the drift in the northwestern portion of Ohio. In Bryan, 
the county seat of Williams county, an artesian well was bored in the public square, causing 
the village to be i>opularly called the ** Fountain City." As the reservoir lay but a short dis- 
tance beneath the surface, wells were oasily produced and their number was rapidly increased; 
but it soon became apparent that their source could be overtaxed. The force of the flow was 
abated ; the highest wells began to fail altogether ; a pump was introduced into the public 
square fountain ; and at the present time a sluggish flow is obtained only in the lowest portion 
of the village. 

Toledo, Ohio.— The conditions are similar at Toledo. When the wells were first bored the 
water rose to a height of 14 feet above the level of Lake>Erie, and this head was gradually* low- 
ered as tlie number of wells was increased. At the present time water is pumped from wells by 
tlie corporation and by private owners, and the head has fallen to 40 feet below the lake level. 

Ohio Vallet.— In the vicinity of Pomeroy, Ohio, and Mason City, W. Va., brine for the 
manufacture of salt has been obtained from artesian wells for the last thirty or forty years. 
When first tapped, the brine flowed freely, and it continued to do so for many years; but in 1865 
the number of wells was greatly increased and the water head was thereby lost, so that pump- 
ing became necessary. Year by year the pumps have been lengthened, and now they are placed 
about 600 feet below the surface of the ground. 

Alabama.— Although the lowlands skirting the Atlantic and Gulf slopes everywhere belong 
to what may be classed as an artesian district, artesian boring for supplies of water for domes- 
tic purpos(*s was first inaugurated extensively in Alabama, and the history of interference is 
best known there. A*tepresentative locality is Finch's Ferry, where the bad quality of the sur- 
face water led the people to seek an artesian supply about fifty years ago. The first well ob- 
tained a strong flow of water from a depth of several hundred feet, and other wells followed. 
With the boring of each new well the flow from the older wells diminished, and the tendency 
became particularly noticeable when a well was bored at a lower level than any of the otbera on 
the banks of the Tuscaloosa river. In order not to destroy the older wells, it was found neces- 
sary to pipe the new well up to a height corresponding to the level at which the old weils were 
located. Even then the flow from the wells was so far diminished that some of them were un- 
able to clear the casing of sand and debris, and so become dogged and ruined. At the present 
time but three wells continue to flow at the surface. 
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IBBIO-ATION BY ASTESIAN WELLS IN YABIOC8 COUMTBIB8. 

The cost of boring wells is so great and the quantity of water thus obtained is so limited 
that in most localities the special use given to the water must haye high value in order to war> 
rant the sinking of wells. Most frequently it is sought for domestic use. It is also sought for 
manufacturing and medicinal purposes, for the watering of stock, and for the production of 
salt. In some desert regions wells have been bored from point to point to furnish water for the 
use of travelers, and the water flowing from such wells is also used for the nourishment of gar< 
dens, but the irrigation is in this case an incidental result and not a primary purpose. Such 
gardens associated with travelers' wells are found in Abyssinia, Upper Egypt, and at various 
places on the Sahara, and also in Australia. 

Artesian water has been successfully sought for the purpose of irrigation in China, Italy, 
Spain, the Sandwich islands, Algeria, California, and Utah. Details in regard to Chinese wells 
have not been ascertained. In California they are employed almost exclusively in the cultiva- 
tion of fruits, and the same is true in Algeria. In Utah they are made to serve vegetable gar- 
dens. In Algeria about 4,000 acres have been reclaimed, and it is estimated that the present 
supply of water is competent to double this acreage. In California the wells are restricted to 
Los Angeles, San Bernardino, and San Diego counties, and it is stated by Mr. W. H. Hall, the 
state engineer, thalt less than 3,000 acres are irrigated. In Utah about 2,000 acres are irrigated. 
In each of the other countries named the extent of the irrigated land is very small. 

The work in Algeria is peculiarly instructive, because agriculture was there initiated on the 
face of a desert, and because the institution of wells was scientifically planned. The following 
facts are selected from the extensive literature of the subject: 

In ii/ation in A Igeria,— The initiative in the search for artesian waters in Algeria was taken 
by General Desvaux, of the French army, commanding at Batna, in the year 1855. At his request 
M. Ch. Laurent, a well known artesian expert, was sent to examine that portion of the Sahara 
desert lying within and adjacent to the confines of Algeria, with reference to the possibility of 
artesian waters and the best method of securing them. 

The work of boring was under the immediate direction of M.'Jus, C. E., assisted by Lieuten- 
ant Lehaut, of the army. The first well was sunk at Tamema, in the oasis of Oued Rir ' ; be- 
gun early in May, 1856; completed June 19. Its flow was 4,010 litres (141 cubic feet, or 1,059 
gallons ) per minute ; its depth, 60 metres ( 197 feet ). From this date to 1860 fifty wells were sunk 
in the province of Constantine ( Algeria ), with a delivery of 36,000 litres ( 1,271 cubic feet, or 9,510 
gallons ) per minute. 

Subsequent to 1860, records of wells are traced with difficulty, excepting for the oasis of Oued 
Rir*, and it is probable that the information that follows is somewhat incomplete. 

According to the best accounts at present available, the number of flowing wells now amounts 
to about 125, tubed with iron, and 500 native, tubed with wood ; total, 625. Their yield is 240,000 
litres ( 8,475 cubic feet, or 63,400 gallons) per minute. A well of 3,000 to 4,000 litres per minute ( 105 
to 140 cubic feet ) will irrigate from 100 to 200 acres, according to the nature of the soil. This 
«ives a duty of from 42 to 84 acres per cubic foot per second, the former being nearer the average. 
With the present supply of water between 6,000 and 9,000 acres can be irrigated. At present not 
more than 4,000 acres are under cultivation, of which 3,706 are in the oasis of Oued Rir*. 

It is stated that in the 30 years of well usage in this country the wells tubed with iron, with 
rare exceptions, due to defective tubing, have not varied in the amount of their delivery. 

The following table is based on one by M. Holland, printed in the report of the Societe Agri- 
cole et Industrielle de Batria et du sud Algerien, made in connection with the society's exhibit 
at the Paris Exposition of 1889 : 



Pbincipal Groups op Artesian Wblls. 



Maximum 

depth 

of wells. 

Feet. 


Number 

of 

wells. 


Average 
flow per 
minute. 
GalloiM, 


269 
318 
321 
256 




12 
4 
8 
2 


640 
260 
560 
340 


372 
252 
292 




18 
10 
9 


1,125 
750 
750 


387 




14 


300 


340 




8 


525 


278 




8 


625 



Group of Ourir Ensura, Mraier, and Dendouga 

Groupof Sidi Khelil 

Group of El Berd and Tinedla 

Group of Zaouiet R'had and Mellaah 

Grpat group of Mazer, Ourlana, Chria Saiah and Tala-em 
Mould!, A&iana-Djama and Tiguedi-din, Couidiat Sidi Ya- 
hia and Sidi Amram 

Group of Tamema Khedina and Tamema Djedida 

Group of Moggar, Sidi Sliman, Bou Rekhis and El Kessour.. 

Lat4*ral Group of Sidi Rached, Bram, Ghamra and El Hari- 
hira 

Great group of Megarin Khedima and Meflrgarin Djedida of 
Zaouia, Tebeshest and Tougourt, of NezIa and Coudiat el 
Koda 

Terminal group of Temassin-Tamelath and Bledet Ahmar 
and El Gong 
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Dakota Sandstone.— As already stated, this sandstone is the nlost important source of 
artesian water in the reinon of the Great Plains. It is believed that it has Arreator importanoe as 
a storehouse of water for irrigation than all of the other formations of the same region from 
which it is possible to derive supply by artesian wells. Its discussion and investigatioa mnat 
constitute the chief part of the discussion and investigation of the artesian problems of the 
Oreat Plains. 

Its water supply is received along the foot of the Rocky mountains, where it ezhibita a 
nearly continuous outcrop. It is believed that there is a continuous discharge from its eastern 
margin, at least where that margin is not protected by heavy deposits of Upper Cretaceous 
clays. It therefore constitutes what has been styled an imperfect reservoir, but the conditions 
for artesian flow are more favorable in the Dakotas than in the states immediately south, and 
it is not improbable that they are again favorable in some parts of Texas. The above tables 
show that the wells of the James river valley eihibit higher pressure and a greater discharge 
than those of Nebraska and Kansas, where the eastern outcrop is uncovered, and further indi- 
cation of the eastward movement of its water is found in the fact that the hydraulic head, as 
measured in the Dakotas, rises from east to west. The hydraulic head, or the height to which 
a column of water would rise under the static pressure, is 1,948 feet at Highmore, l^S feet at 
Miller, and 1,678 feet at Huron, reckoning in each case from sea level. From Highmore to Huron 
the distance is 62 miles, giving an average fall of 4^ feet per mile. 

The sandstone reaches the surface at the west by an upward curve, and thus presents but a 
narrow belt of exposed surface. This belt is estimated to occupy an average width of about 80Q 
feet for the region from Colorado to the northern boundary, and not enough is known of the 
border of the formation south of Colorado to form an estimate. The outcropping edge pursues 
a sinuous course and thereby increases the exposed area. Taking this into account, the feed- 
ing ground for the reservoir is estimated as the equivalent of a belt one third of a mile wide 
from the northern to the southern boundary of the United States. If the rainfall of this belt be 
taken at 15 inches, and one half of this be estimated as lost by running away from the surface 
and by evaporation, the remainder that goes into the sandstone, if it could all be brought up 
again by artesian wells, would cover a belt one fifth of a mile wide from boundary to boundary 
with 12 inches of water. This may be regarded as the outside limit of the permanent water sup- 
ply derivable from the sandstone. 

In order to estimate the land which may be irrigated, let us assume that but half of this 
supply escapes at the eastern edge of the formation ; that the other half can all be brought to 
the surface through wells; that all the water flowing from the wells through the year can be 
stored without waste and applied to crops in the season of their growth, and that six inches of 
water will suffice to nourish the crops. We then have as the limiting area which can perpeta- 
ally be served by the artesian water from the Dakota sandstone the equivalent of a belt one 
fifth of a mile wide and extending from boundary to boundary, or about ll\O0O acres. 

But the permanent supply is not all which can be drawn from the Dakota sandstone. There 
8 an accumulated store of water competent to'produce a temporarj' flow of importance. This 
is indicated by the phenomenal flow of some of the wells of the James river valley. The wells 
already sunk here and there over the valley furnish nearly half as much water as is annually re- 
ceived by the outcrop of the formation along the Rocky mountains west of the Dakotas, and 
there can be no question that the flow in this valley can be increased several tirnvs by boring addi- 
tional wells at points properly distributed and selected. The yield of such wells in excess of the 
permanent supply must draw upon an exhaustible store, and must, therefore, be only temporary ; 
but it may nevertheless prove sufiicient to compensate for the outlay, at least if the number of 
wells bored be not excessive. The determination of the quantity of water thus temporarily 
available is a problem for the geologist and the engineer. The geologist can ascertain the ex- 
tent, thickness and porosity of that portion of the Dakota sandstone which lies sufficiently above 
the level of the James river valley and is otherwise related to it so as to afford a reservoir deliv- 
ering water under pressure ; tlie engineer can carefully measure the static pressure and the vol- 
ume of existing and new wells from time to time, and thus get the data for estimating the rate at 
which the supply is diminishing. When this has been done it will be possible to give intelligent 
advice as to tlie exploitation of the formation of that region for the purposes of irrigation. 

The general character of the geologic data can be indicated by the information already at 
hand, but the result is necessarily very crude. At its outcrop along the foot of the Rocky moun- 
tains and above the circumference of the Black Hills the Dakota sandstone dips steeply beneath 
other rocks, and it is deemed probable that at all points it passes below the level of the James 
river valley within 3 miles of the outcrop. This gives as the maximum possible extent of effi- 
cient reservoir lying west of the Dakotas 1,200 square miles. Assuming the average thickness of 
the sandstone as 400 feet, and that the interstices filled with water constitute one tenth of its 
volume, we have stored a body of water equivalent to a lake 1,200 square miles in area and 40 feet 
deep. Such a maximum could only be attained if the reservoir was of the perfect type, and a^ 
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that case the static pressure at Huron, in the James river valley, would be about 850 pounds to 
the square inch. As a matter of observation it is only 170 pounds to the square inch, and we are 
thus informed that the reservoir of water has a pressure far below the possible maximum. If, 
in view of this consideration, we reduce our estimate 75 per cent., we still have a most important 
body of water —a body competent to serve, with a layer 6 inches deep, 24,000 square miles of land 
for one year, or 1,000 square miles for twenty-four years. The assumption that the feedin^r 
ground for the artesian water to be raised in the Dakotas is limited by the same parallels of 
latitude which liiAit the Bakotas is arbitsary and crude. If the Dakota sandstoue is a continu- 
ous formation, then a portion of the supply thus derived must be drawn ofif through Nebraska 
at the exposed edge in the eastern iwirt of that state, where it is probable that the water finds 
free escape. On the other hand, it is possible that the Dakotas may draw from the sandstone 
water supplied to it beyond our northern boundary ; while it is equally possible that a portion 
of the water absorbed along: the outcrop of the formation in Montana flows northward rather 
than eastward, so as to contribute to the artesian supply of our Canadian neighbors. 

SDHMABT AND CONCLUSIONS. 

It has been shown that the supply of water to be obtained through artesian wells is narrowly 
limited, the limitation arising from natural conditions of reception by reservoirs, transmission 
through tbem, and leakage from them, and being expressed practically through the interfere 
ence of wells one with another. The permanent flow is in some cases much less than the initial 
flow. 

Owing to the cost of well boring it is not economic to bore wells for the purpose of reclaiming 
land by artesian Water unless the flow obtained exceeds a certain minimum. The economic limit 
is quickly reached in any district upon the multiplication of wells, and unless well systems are 
wisely planned there is great danger that the economic limit will be exceeded, and especially 
that new wells at lower levels will have the effect of destroying wells previously sunk at higher 
levels. Disappointment is also incurred when the temporary flow resulting from antecedent 
storage is mistaken for permanent flow. For these reasons exploitation with the drill sbonld 
be guided by the results of surveys — geologic surveys to determine the stratigraphy and geologic 
structure, and engineering surveys to determine the limitation of discovered re:»rvoirs. While 
the Dakota sandstone is one of the most important of the known artesian reservoirs, the amount 
of land which can be redeemed to agriculture through its aid is yet so small that disastrous re- 
sults might follow if great expectations were aroused in regard to it. It is estimated that if all 
^e water received by the Dakota sandstone could be brought to the surface by artesian wells it 
would cover to the depth of 1 foot an area of land equivalent, at the utmost, to a belt one-fifth 
of a mile wide and extending from the Canadian boundary to the Mexican. 

This is the outside limit for permanent flow. The temporary flow may be large, but cannot 
be estimated from existing data. Such is the complexity of c^mditions, and so great is tiie 
danger of disaster through expensive exploitation in ignorance of the true conditions, that the 
subject demands the most skillful investigation which can be bestowed. 

I have laid before you somewhat fully this question of artesian wells, because the people 
from time to time in the United States have sought to obtain waters for irrigation on the Great 
Plains from this source. Many years ago Captain (afterwards General) Pope, of the army, at- 
tempted to discover artesian waters on the Staked Plains, and he commanded a military expe- 
dition to the country and bored for water, but he failed to find it. Some years ago appropria- 
tions were made by Congress to have artesian wells sunk in Colorado and Wyoming, and the 
work was continued for two years under the direction of the agricultural department. I be- 
lieve that altoq^ther $50,000 was expended, but no artesian waters were di<3Covered. Still the 
people, now hero, now there, from time to time, hope to obtain an artesian water supply suffi- 
cient for agriculture; and believing that this supply must always be inadequate, I have pre- 
sented my views of the matter somewhat in full. 

The above comprehensive statements of Major Powell should be looked 
upon as authentic as any information known to geologists regarding the 
water supply from the Dakota sandstone, unless it should be that he has 
neglected the two sources of water already mentioned other than precipita- 
tion upon the Dakota sandstone where exposed to the surface, viz., the water 
obtained here and there from the overlying Tertiary, and the underlying 
Triassic rocks of the north, and that obtained from rivers, such as the Mis- 
souri river at the Great Falls in Montana, and other streams. These extra 
sources of supply, which Major Powell apparently overlooked, would add quite 
perceptibly to the total Dakota water. 

However, the citizens of Kansas may have no fears of the supply of water 
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in the Dakota sandstone becoming exhausted unless it is drawn upon far 
more than it likely will be during the next few hundred years. The locali- 
ties in our state where it can be obtained at depths within the reach of the 
ordinary farmer form so small a proportion of the whole area that wells may 
be relatively close together here and sufficient in number to draw largely 
from the localities under which the sandstone lies at so great depths it will 
rarely be reached. There is every reason, therefore, to encourage the drilling 
of wells wherever the cost is not too great for the purpose of obtaining 
Dakota water, either in the form of an artesian flow or from wells by pump- 
ing. Upon the estimate of Major Powell, just given, which is certainly none 
too large, Kansas can irrigate many thousand acres from the Dakota sand- 
stone should she use only her allotted portion. But should she draw on 
adjacent territory by increasing the number of wells along the river valleys 
where the sandstone can be reached at lesser depths the amount of available 
water may be perceptibly increased. No one should hesitate searching for 
Dakota water on account of a fear that it would be insignificant in amount, 
at least not until many more wells have been drilled. 

Character of the Dakota Water. 

The character of the water obtained from the Dakota sandstone is vari- 
able. It seems to be entirely free from organic impurities. In this respect 
it is like most deep-seated water, for artesian waters generally have little if 
any organic matter in them. 

Underground water is pure or mineralized according to its opportunities 
for dissolving soluble mineral salts. Could water be confined continuously 
in a perfectly pure mass of sand or sandstone, which had no soluble materials 
within it, and in which no soluble salts could be taken by infiltrating waters, 
its character would always remain pure. But nature has rarely accumulated 
masses of sand without having at least traces of soluble matter along with it. 
Few lerranes are known anywhere in the world through which water can per- 
colate for hundreds of miles without taking up mineral matter somewhere 
throughout the course. It is so with the Dakota sandstone, yet not univer- 
sally so. For some reason which cannot be foretold, water obtained from 
the Dakota at one place is frequently very different in amount and character 
of impurities dissolved from that drawn from the same sandstone fifty or a 
hundred miles away. 

The natural processes by which impurities are gathered from rocks by 
percolating water are such that it is usually exceedingly difiicult to predict 
in advance whether water obtained at a given locality will be highly mineral- 
ized or not. After a suflicient number of wells have been made to admit a 
geographic study of the character of the water, then estimates of this kind 
may have some value. A sufficient number of such wells have already been 
made in Kansas to be of some help in this way. It is found that along the 
southern and southeastern limits of the Dakota the water is relatively free 
from impurities. The Santa Fe wells at Coolidge, for example, according 
to an analysis by Mr. W. D. Church, yielded but 24.36 grains of total solids 
to the gallon, or, expressed in parts of a million, the ordinary form of ex- 
pression, it would be equal to 340.7. The wells at Syracuse, Santa Fe, and 
different ones in the southern part of Ford county likewise are remark- 
ably free from mineral impurities. No analyses have been made of the water 
of any of these later wells, but one can judge from drinking that they are 
unusually free from mineral matters of all kinds, and particularly free from 
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salt Farther to the north and west the mineral material Increases in 
quantity. The wells obtaining water from the Dakota in the vicinity of 
Ness City, however, have good water. But farther north in Russell and Nor- 
ton counties, and west in Logan county, and elsewhere in the western part 
of the state, the water thus far obtained from the Dakota sandstone seems to 
be quite highly mineralized. Few analyses have been made from the Da- 
kota waters from Kansas. Such as are available are given in the following 
table, to which is added a series of analyses of Dakota water from Colorado, 
<»pied from Mr. Gilbert.* 



Table I. — Kansas Water Analyses (results stated in ions), 
{ Parts in 1,000,000.] 



Substance. 



Chlorine (01) 

Sulphuric ion fS04). 
Carbonic ion (COs). 

Potassium (K) 

Sodium (Na) 

Liithium (Li) 

Calcium (Ca) 

Magnesium (Mg) . . . 

Iron (Fe) 

Silica (SiOs) 

Aluminum 

Boric acid 

Phosphoric acid 

Organic matter 



Totals 4,ia5.7 



Burr Oak. 



105.7 

2,940.7 

24.8 

Trace. 

31.7 

0.8 

462.3 

374.8 

14.4 

88.3 

62.2 

Trace. 

Trace. 



II. 
Conway. 



59.5 
1,654.7 



19.2 

38.6 

Trace. 

521.4 

94.7 

Trace. 

14.3 

5.5 

Trace. 



2,407.9 



III. 

Sprinir. 
near Omio. 



IV. 
Artesian 
well at 
Fay, Rus- 
sell county. 



149.1 
5,064.0 



282.6 

186.2 

5.3 

475.3 

713.5 

Trace. 

86.3 

102.1 

3.9 



6,741.6 

2,066.4 

405.0 

39.2 

4,921.2 



171.4 
282.0 



7,068.3 14,626.8 



fCoolidRe 

artesian 

well. 



29.7 
'72;4 



19.3 



31.4 
10.1 



1.8 



0.4 



Table II.- 



-Kansas Water Analyses {results stated in salts). 
[Parts In 1,000,000.] 



Substance. 


I. 
Burr Oak. 


II. 
Conway. 


III. 

Spring, 
near Omio. 


IV. 

Artesian 

well at 

Fay, Rus- 

»q)1 county. 


V. 

Goolidge 

artesian 

well. 


Potassium chloride (KCl) 




36.7 

69.4 

35.0 

473.5 

1,774.0 


313.6 


74.8 

ll,0a3.2 

1,739.0 

1,080.0 

38.9 




Sodium chloride (NaCl) 


80.6 


49.0 


Sodium sulphate (Na2S04) 


571.2 
3,567.6 
1,616.0 

650.5 


tl70.9 


Msurnesium sulnhate (MfirS04) . 


1,842.0 
1,925.7 


Calcium sulphate (CaS04) 




Aluminum sulnhate (AlsfSOiW). 




Magnesium carbonate (MgCos) . 

Calcium carbonate (CaCOs) 

Silica 


5.3 

9.5 

88.3 

19.4 




231.0 
4.0 


35.5 






78.4 


14.3 


86.3 


1.8 


Mafimesium chloride ( MfirOl2) . . . 






Alumina (AI2O3) and iron oxide 
(FeO) 








4.7 


Organic matter 










.4 


Totals 


3,970.8 


2,402.9 


6,806.2 


14,230.9 


340.7 



* Loe. cit., p. 38. 
fAnalysis quite incomplete. 
^Reported as " bicarbonate and sulphatis of sodium and potassium." 
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Explanation of Tables I and //. . 

I.— From Burr Oak, Jewell county ; probably from the Niobrara, but no statement by an 
lysts as to \\^ source. Prof. G. H. Failyer and C. M. Broese, analysts. 

II.— From Conway, McPherson county ; probably from the Pleistocene sands. Prof. G. H- 
Failyer and C. M. Brt^pso, analysts. 

III.— Spring near Omio, Jewell county ; probably from the Niobrara. Profs. G. H. Failye 
and J. T. Willard, analysts. 

IV.— Artesian well of Mr. Kellogg at Fay, Russell county ; from the Dakota sandstone. Prof^ 
J. T. Willard, analyst, 

v.— The Peck artesian well at Coolidge, now operated by the Atchison, Topeka & Santa Fe 
Bly. Company ; from the Dakota sandstone. W. D. Church, analyst. 

For comparison, the following analyses are copied from the report of Mr. 
Gilbert, loc. cit., pp. 38^0: 

Table III. — Watei* Analf/ses {results stated in ions), 
[Parts in 1,000.000.] 



Substance. 



Chlorine (CI) 

Sulphuric ion (SO4). 
Carbonic ion (COs). . 

Nitric ion (NOs) 

Potassium (K) 

Sodium (Na) 

Lithium (Li) 

Ammonium (NH4) . . 

Calcium (Ca) 

Strontium (Sr) 

Magnesium (Mg) 

Iron (Fe) 

Manganepe (Mn) 

Silica (Si02) 

Alumina (AlaOa) 



Totals. 



Artesian 
well at 
Lamar. 



33. .3 

719.4 
114.8 



355.3 



41.6 
'26".6' 



49.6 



1,340.6 



11. 

Artesian 

well at 

La Junta. 



54.0 
675.9 
al69.6 
Not est. 
6.4 
360.0 
Trace. 
(6) 

73.8 

{b) 

20.7 

C.8 

c.l 

el6.1 

Trace? 



1,377.4 



IIL 

Artesian 

well at 

Eocky Ford. 



28.2 

453.8 

a95.9 

.4 

7.0 

259.2 

.5 

.8 

14.9 

.5 

12.4 

rf2.8 

Trace. 

fll.9 
Trace? 



888.3 



IV. 
Artesian 
well at 
Grand Ho- 
tel, Pueblo. 



277.2* 

1,180.1 

306.7 



79.2- 

201.7 

18. a 



178.1 



230.1 
34.^ 



Trace. 



2,505.6. 



SUBSTANCIS. 



Chlorine (CI) 

Sulphuric ion (SO4) . 
Carbonic ion (COs) . 
Nitric ion (NO3) . . . . 

Potapsium (K) 

Sodium (Na) 

Lithium (Li) 

Ammonium (NH4) . . 

Calcium (Ca) 

Strontium (Sr) 

Magnesium (Mg) . . . 

Iron (Fe) 

Manganese (Mn) 

Silica (Si02) 

Alumina (AljOs) 



Totals. 



V. 

Carlile 
Spring. 



117.1 
238.4 
459.7 



5.4 
253.8 



153.6 



55.8 
2.5 



1,286.3 



VI. 

Iron Duke 

Spring, 

Canyon. 



8.33.0 

136.0 

1,217.0 



Trace. 
1,154.4 
Trace. 



214.3 



71.3 
Trace. 



3,625.0 



VIL 

Little Ute 

Spring, 

Canyon. 



1,187.8 

140.1 

1,107.6 



Trace. 
1,385.7 
Trace. 



150.0 



67.0 
Trace. 



4,040.2 



VIII. 
Underflow 

well at 
La Junta. 



56.1 
550.6 

aioo.a 

Not est. 
6.2 
143.2 
Trace. 



140.4 



(e) 



35.8 



15.4 



1,047,7 



o Calculated from normal carbonates. 
5 Not tested for. 



c In deposit. 
d2.6 in deposit. 



e2 in deposit. 
/.3 in deposit. 
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Table IV. — Water Analyf^es ( result stated in salts). 
[ Parts in 1,000.000.1 



SUBSTAMCB. 


I. 
Artesian 
well at 
Lamar. 


II. 

Artesian 

well at 

La Junta. 


IIL 

Artesian 

well at 

Rocky Ford. 


IV. 

Artesian well 

at Grand 

H«>tel, 

Pueblo. 


Lithium chloride (LiCl) 




Trace. 

12 

80 

1,000 


3 
13 
32 

671 


108 


Potaraium chloride (KCl) 




151 


Sodium chloride (NaCl) 


55 

i,a30 

29 


189 


Sodium sulphate (NasS04) 

Magnesium sulphate (MgS04). . . 


393 
1,143 


Calcium suli)hate (CaS04) 








Sodium nitrate (NaNOs) 


' 




0.5 
67 

2 
43 

1 
37 

6 

Trace. 

12 




Sodium carbonate (NasCOs^ 




11 




Ammonium carb'n'te ( (NH4)2C03) 
Magnesium carbonate (MgCOs). . 
Strontium carbonate (SrCOs) .... 






73 


72 


6 


Calcium carbonate (CaCOs) 

Iron carbonate (FeCOa) 


104 


184 
2 

0.2 
16 


444 
71 


Manganese carbonate (MnCOs) . . 






Silica (Si02) 


50 








Totals 


1,341 
206 


1,377 
256 


888 
80 


2,505 
1,593 


Sum of MgS04, CaS04, MgCOs, 
and CaCOs 


Substance. 


V. 

Carlile 
Spring. 


VI. 

Iron Duke 

Spring, 

Canyon. 


VIL 

LinU Ute 
Spring, 
C auyon. 


VIII. 
Underflow 

well at 
La Junta. 


Liithium chloride (LiCl) 








Trace 


Pota*»8ium chloride (KCl) 


10 
185 
353 






12 


Sodium chloride (NaCl) 


1,372 
201 


1,956 
207 


S3 


Sodium sulphate (NaS04) 

Magnesium sulphate (MgS04) . . . 


341 
179 


Calcium sulphate (CaS04) 








250 


Sodium nitrate (NaNOs) 










Sodium carbonate (NasCOs) 


154 


1,267 


1,267 




Ammonium carb'n'te ( (NH4)2C08) 




Magnesium carbonate (MgCOs). . 


195 


250 


235 




Strontium carbonate (SrCOs) .... 




Calcium carbonate (CaCOs) 

Iron carbonate (FeCOs) 


384 
5 


535 


375 


i67 


Manganese carbonate (MnCOs). . 








Silica (SiOs) 








15 












Totals 


1,286 
579 


3,625 

785 


4,040 
610 


1,047 
596 


Sum of MgS04, CaS04, MgCOs, 
and CaCOs 



Explanation of Tables III and IV, 

I.— First artesian well drilled by the town of Lamar. Analysis by Dearborn Drug and 
<]!hemtcal Company, Chicago, 111. 

II.~ First artesian well at La Junta ; drilled by the Atchison, Topeka ft Santa Fe Bailroad 
Company. Sampled in September, 1895. Analysis by W. F. Hillebrand, United States Geological 
Surrey. When examined by the chemist the water had deposited a slight brown sediment con- 
taining iron, magnanese, silica, and a trace of phosphoric oxide. This material is included in 
the analysis. Free and semicombined CO,, 124.4. Total C0«, 250.2. 

III.— First artesian well at Rocky Ford; near Santa Fe railroad station. Sampled Octo- 
ber, 1896. Analysis by W. F. Hillebrand, United States Geological Survey. Reaction faintly 
alkaline. Bpeciflo graTity at 30.5° C, 1.0008. When recelTed by the chemist the water had de- 
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posited a sediment containing silica, iron oxide, and traces of alumina (?) and phosphoric 
oxide. Free and semicombined C0«, 106.6. Total COs, 176.9. Traces of bromides (f ), iodides* 
and phosphates. Organic matter present, but not estimated. No boron, fluorine, or barium. 

IV.— Trade name, "Colorado Lithia Water." This analysis, by A, Archie Ounninerham, 
appears in a commercial circular, where it is stated in ^ains per firallon and in hypothetic com- 
binations. It has been recomputed for this table. Trace of phosphates. No organic matter. 
Another commercial circular gives a somewhat different analysis, without name of analyst. 

v.— Carlile spring, north bank Arkansas river, 18 miles west of Pueblo. Analysis by O. Loew, 
reported in Explorations West of the One Hundredth Meridian, volume 3, pages 621 and 622; 
Sample taken in July, 1874. Trace of organic matter. The spring deposits carbonates of lime 
and magnesia, building a mound. 

VI and VII.— Iron Duke and Little Ute springs, near the state prison, Canyon. Analysis 
by O. Loew, from samples probably taken in 1874. Reported in Explorations West of the One 
Hundredth Meridian, volume 3, page 617. Water saturated with free carbonic acid. Traces of 
iron, potassium, and lithium. 

VIIL— Surface well on the river bank at La Junta. Water drawn from the underflow of 
the Arkansas river. Analysis by W. F. Hillebrand, United States Geological Survey. Strong re- 
action for nitrates, but quantity not estimated. 

Tables III and IV include not only analyses of the water of artesian wells at 
Lamar, La Junta, Rocky Ford, and Pueblo, but also of the water of a surface well 
from which the municipal supply of La Junta was pumped (1895), and the 
waters of three mineral springs which are probably derived from the Dakota 
sandstone. The Iron Duke and Little Ute springs, of Canyon, rise from the 
edge of the Dakota sandstone where it stands at a high angle in the ^* hogback " 
skirting the mountain base. The Carlile spring' rises through Benton shales 
from an unseen source below, and is provisionally referred to the Dakota sand- 
stone, because that is the first water-bearing rock beneath. The well at La 
Junta is sunk in the flood plain of the Arkansas river and is supplied by the 
river water, which undergoes no change except a filtration, eliminating the sus- 
pended sediment. It doubtless varies in quality with the volume of the river, 
being purest when the river is high. The sample was collected in September, 
1895, with the river somewhat above mean stage. 

Localities Where Dakota Water May Be Soii|?]it. 

From the foregoing discussion it will be seen that water could probably 
be obtained from the Dakota sandstone almost anywhere over the state where 
the sandstone occurs, but that in character it would probably be undesirable 
if obtained from certain places. It has been stated that in the northwestern 
part of the state the Dakota lies at so great a depth it would be harder to 
reach than farther to the south. We are not in possession of sufficient data 
to warrant more than a general estimate of the depth at which the Dakota 
lies anywhere in the northwestern part of the state. This estimate would 
place it at not less than 1,000 feet below the surface north of the Union Pacific 
railway and west from Ellis county. We know nothing regarding the char- 
acter of the water which might be obtained, neither of its pressure as re- 
gards artesian flow, etc. Geologists are in possession of less information 
regarding the underground conditions in the far northwest than for any 
other part of Kansas. Could a well be drilled to 1,000 or 1,500 feet in depth 
somewhere along the Rock Island railway from Colby west, or along the 
northern tier of counties, and an accurate record of the same be preserved, 
it would throw more light on the probable production of water from the 
Dakota sandstone over the northwestern eighth of the state than any other 
kind of an investigation which could be made for double the expense. For 
some unknown reason, as far as the writer has learned, not a single deep* 
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well has been drilled anywhere in the northwest part of the state, although 
many have been sunk elsewhere. 

Those who are contemplating searching for water in the Dakota sand- 
stone may find the accompanying maps helpful. On the geologic map of 
the state one can see the surface outcroppings of the Dakota. Anywhere to 
the northwest of this area the Dakota will be reached if the drill goes deep 
enough. In the southwestern part of the state the Dakota is covered by 
higher formations so that its southeastern limit cannot be seen. From well 
records it is known that this limit is approximately a line drawn from the 
southernmost Dakota exposure in Ford county to the southwestern corner of 
Seward county. If, therefore, we draw a line from the northeast corner of 
Republic county to the southwest corner of Seward county that portion of the 
state lying to the northwest is the portion throughout which one may rea- 
sonably hope to obtain water from the Dakota sandstone provided he goes 
deep enough. On the Underground water map, Plate XXII, the area is marked 
by a heavy line within which we have good reason for believing the water ob- 
tained from the Dakota will be sufficiently pure to be serviceable for domes- 
tic uses and for irrigation purposes. Throughout the greater part of this 
area one would rarely have to go more than 500 feet deep, but in Lane, Scott, 
Wichita, and Greeley counties one might have to drill deeper. It should be 
clearly understood that in outlining an area in this manner it is by no 
means intended to convey the idea that water could not likewise be obtained 
from the Dakota farther to the north. But as we are in ignorance regarding 
the water conditions in the northwest, as has already been explained quite 
fully, no predictions can be made regarding that part of the state excepting 
those of a most general character. 



TERTIARY UNDERGROUND WATER. 

The water of the Tertiary is that which is usually spoken of by citizens of the 
plains as " sheet water," or " underflow." The latter term seems to have been 
first employed by Judge J. W. Gregory, ^ of Garden City, Kas., in referring to 
what was supposed to be a mass of underground water everywhere present over 
the great plains of western Kansas flowing eastward. The term ** sheet water " 
is now about as widely used as " underflow " and practically means the same 
thing, so that in common usage the two terms are synonymous. The latter 
term expresses within itself the popular idea of the great lateral extent of the 
water and says nothing about its movement, while the former expresses the pop- 
ular notion of movement and says nothing of the lateral extent. The * ^ under- 
flow " or ** sheet water" is therefore the water so often referred to in the 
preceding pages, and corresponds with similar masses of water found in all 
humid parts of the world wherever we have in combination the two conditions, a 
loose porous surf ace mantle of ' considerable thickness and a firm impervious fioor 
beneath, provided of course the floor is not so greatly inclined that the water 
will flow away as fast as it accumulates. Such conditions are common along the 
wide valleys of all of our great streams, the the Mississippi river, the Missouri 
river, and rivers in other parts of the world, where all that is necessary to obtain 
water is to sink a well or a pipe from the surface to a proper depth below. 
There is therefore nothing mysterious about it, nothing unnatural or anything 

' Oaiden City Sentinel^ during spring of 1889, and numerous other newspaper and magazine 
articles. 
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more than what anyone might expect who is familiar with all the geologic and 
climatic conditions of the great plains area east of the Rocky mountains. 

How the Water Occurs. 

In the Tertiary of Kansas it is usually found in a coarse sand or gravel, yet 
occasionally it is known to exist in a stratum of clay. Such an occurrence, of 
course, could not be with the clay entirely free from seams. Usually, it is most 
abundant in coarse sand or gravel. The position of the water-bearing beds is 
generally near the base of the Tertiary, but occasionally the water extends up- 
ward for 100 feet or more above the Cretaceous floor. Citizens of the plains are 
frequently speaking of the "first water,'* "second water," "third water," etc., ex- 
pressing thereby an idea that the waters exist in two or more different horizons as 
separate and distinct beds. It is true that the water is frequently found at these 
varying depths, and that we may penetrate a water-bearing stratum at a depth 
say of 100 feet, below which an impervious layer of clay is reached that separates 
the first water found from a lower stratum of water-bearing sand or gravel, which 
in turn may likewise be separated by a bed of clay from a third water-bearing 
stratum. This is sometimes continued to four or five or more strata furnishing 
water, each of which is separated from its neighbor by a relatively impervious 
mass of clay. It is generally noted that when water is reached in a second or 
third water-bearing stratum it will rise to the level of where water was first 
found. This implies that there is a connection between the water at the various 
levels and that they should not be looked upon as distinct masses. 

The explanation for this somewhat interesting series of phenomena probably 
is that the first water found marks the upper surface of saturation, and that were 
it not for the existence below this of impervious beds of clay, there would be a 
continuous body of water from the first water downward to the Cretaceous floor. 
The masites of clay are so irregular in distribution, as already explained, that 
frequently broad sheets or lenticular masses of it are found which are entirely 
barren of available water, and which consequently separate tne body of water 
into two or three or more masses, the particular extent of which being dependent 
upon the arrangement of beds of clay. 

This same irregularity of the clay deposits produces other unusual conditions 
that frequently deceive the inexperienced well driller. It is not an infrequent 
occurrence for two wells less than a mile apart to flnd a great variation of condi- 
tions. The first perhaps will find water at a depth of 50 feet, while the second 
may have to go 75, 100 or 150 feet before any water is obtained, the excess dis- 
tance being passed through a bed of compact, plastic clay. It invariably results, 
however, that when the clay bed is finally passed, water is found in the sand or 
gravel beneath it which rises to about the level of the water in the first well. 
There is a great mass of clay lying north of Garden City, which is a good 
illustration of this. An irregular mass to the north of Ivanhoe is another good 
illustration of an area in which such conditions frequently are found. In the 
Little Cimarron valley numerous instances are known of such irregularities in 
depth at which water is reached. In fact there is scarcely a township in the 
Tertiary of the state which has not furnished one or more examples of this kind, 
so irregular are the masses of clay in position. But when such a mass of clay is 
finally passed the water always rises to the approximate level of water in neigh- 
boring wells where no clay bed was found. One may confidently expect this re- 
sult to follow, unless the clay bed extends down to the Cretaceous or Bed-Beds 
floor, which rarely occurs. 
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The beds of gravel and coarse sand, which are good water-bearing mar 
terials, are equally Irregular in distribution. Frequently they occur at the 
surface, being barren in such places of course. Elsewhere they occur <mly 
a few feet under the surface, and may have water within them. In other 
places they are at a medium or a great depth. They seem to depend upon 
some factor in their mode of deposition which has goverbed their position, 
about which we know but little at the present time. 

l>epth at Which Water is Found. 

The depth at which water is found is exceedingly varied, and depends 
upon a number of conditions. It may always be assumed that the water 
rests on the impervious floor below the Tertiary, and that it extends upwards 
from this floor to whatever height the volume of water requires. The ques- 
tion of the depth to which one must drill before finding water Is therefore 
largely a question of distance that must be passed before reaching the floor 
upon which the water rests. The surface of this floor is so irregular, as was 
explained in detail in preceding pages, that many ridges occur which are 
lifted above the level of the upper surface of the water. In such cases the 
floor will bo reached without flnding water. But elsewhere the nearness of 
the water to the surface is almost always dependent upon the nearness of 
the floor to the surface, rather than upon the geographic position at which 
a well may be located. 

This is well illustrated by a comparison of the wells in the eastern and 
the western part of the Tertiary area. Along the Missouri Paciflc railway 
near the Colorado line the Cretaceous floor comes near the surface. In some 
places wells have reached it without flnding water, on account of striking 
one of the Cretaceous ridges. At other places the well driller has been more 
fortunate and has located his well over a place where water was avail- 
able, which is hence sometimes reached at a distance not exceeding 40 feet. 
The elevation above sea level of this particular area Is about 3,600 feet. 
Passing eastward from here the surface is inclined, and the surface of the 
Cretaceous floor is likewise inclined at almost the same angle. But in dif- 
ferent places throughout Lane, Scott and Ness counties wells frequently go 
to a aepth of 75 or 100 feet before water is found, simply because the loose 
Tertiary material has a greater depth above the Cretaceous floor. In Chey- 
enne county some of the tributaries of the Republican have cut channels 
almost to the Cretaceous floor. Wells dug in these valleys to a depth of 
from 10 to 20 feet find a great abundance of water, while wells on the high 
divide in Jewell county between the White Rock and the Republican are 
carried to more than 100 feet before water is obtained, although the surface in 
Jewell county i£ from 1,500 to 1,800 feet lower than it is in Cheyenne county. 

There is a widespread notion throughout all the western part of Kansas 
that the underground water occupies a constant level. Scarcely a citizen can 
be found who is not confident that the water over the large areas is at an 
exact level cci responding to the level of the water surface in a great lake. 
This idea is confirmed by almost every well which is dug in any community. 
If it is started in a valley a much less distance has to be passed than though 
it ib started on the uplands, so that in general the idea is correct; for such 
comparisons are rarely made over a distance of more than five or ten miles. 
This belief has resulted in great practical value to the citizens of the West, 
for it has enabled them to predict with tolerable certainty the depth to which 
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a well would have to be carried iu any particular locality before water would 
be found. The correctness of the idea in its local application is dependent 
upon the rolative evenness of the Cretaceous floor surface. The irregularities 
in the floor already alluded to are but slight, rarely reaching more than 25 
to 60 feet within a limit of five or ten miles. Therefore the proper way of 
looking upon the problem is to consider admass of water above the Cretaceous 
floor having a certain thickness, and the loose sands or gravels or clays de- 
posited upon the floor to irregular depths, so that where a ridge is produced by 
the Tertiary materials the depth to which one must go before striking water 
is correspondingly great. 

It is believed that a great injury would be done to the whole of the western 
country were this popular notion destroyed, for it is of great practical value Uy 
every citizen who may wish to dig for water. But when we consider the area as 
a whole, over stretches of 100 miles or more, it is found that such an idea is er- 
roneous, as the illustrations already given plainly show. 

Other illustrations may be added of a like character, some of which, however, 
are more local in application. The water in the Arkansas river valley at Coolidge 
has an elevation of about 3,340 feet above sea level ; the water in the same valley 
at Great Bend has an elevation of about 1,840 above sea level, making a dif- 
ference of 1,500 in a distance of leFS than 200 miles. The water level at Liberal, 
near the south line of the state, is a little over 2,700 feet above sea level ; while 
in the Crooked creek valley to the east, a distance of about 40 miles, it is 2,100 
feet, having a fall of 15 feet to the mile, or 600 feet in 40 miles. The water 
level five miles to the south of Minneola, in Clark county, is about 2,500 feet 
above pea level ; at Englewccd, 20 miles to the south, it is about 1,900 feet above 
sea level, giving a fall of €00 feet in 20 miles, or an average of 30 feet to the mile. 
So it is in other localities. The actual inclination of the upper surface of the 
water level is dependent not upon the surface of the country in general, but upon 
the surface of the impervious floor upon which the water rests. 

The accompanying map, Plate XXII, is a reconnaissance map shaded so as to 
show the depth below the surface at which water stands in the various wells. 
The areas over which it has to be pumped less than 75 feet are left bare; those 
over which the water has to be pumped a distance between 75 and 150 feet are 
lightly stippled;, while the areas over which the water has to be pumped more 
than 150 feet are heavily stippled. An examination of the map will show that 
the particular geographic locality, whether on the east or west, has but little in- 
fluence upon the depth at which water is found. The streams invariably have 
shallow water within their valleys, no one of them of any considerable importance 
being known in the western part of the state which does not have water at a depth 
of less than 75 feet. It will alpo be noted that the deepest water is on the high 
divides between the streams. Therefore, the north -and-south direction has an 
important bearing on the depth in most places, while the east-and-west direction 
has practically none. 

It should be stated that this map makes no pretensions to absolute accuracy* 
Many difficulties have been met in its preparation. The area covered by the in- 
vestigations during the last two seasons is so large that it has been impossible 
to gain information in sufficient detail to guarantee the exact accuracy of a map 
of this character. Another difficulty of equally great importance is the sparse- 
ness of settlements and the long distance between wells. No method is known 
for gathering such information, excepting by an investigation of the various wells 
as they now exist. In parts of the western counties one frequently may travel 
from 5 to 10 miles in certain directirna without passing a house that is occupied. 
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There is nothing at the surface over these boundless plains which gives even an 
inkling as to the depth below at which water is found, excepting the information 
gathered from neighboring wells. Still a third difficulty is the hindrance one 
meets in gaining information from the citizens. This is of little importance in 
the preparation of a map with the water contour intervals 75 feet, as this one has 
them, but it would be of great importance were a map in preparation to show the 
differences of depth for each 10 or 20 feet. It should be stated, to the credit of the 
citizens of Kansas, that in almost all instances inquiries made by myself or assist- 
ants were cheerfully responded to, and all possible assistance given. In a few 
instances, however, it was impossible to gain the desired information. 

Eastward Movement of the Water. 

The eastward inclination of the Cretaceous floor, corresponding in a general 
way with the inclination of the surface, results in an eastward movement of the 
water held in the Tertiary deposits. The velocity of the water movement will 
depend on a large number of conditions. Of course were it not for the resistance 
offered by the gravel and sand it would flow as rapidly as it does in the channels 
of rivers, and only a short time would be required to drain the whole western 
country. But the presence of sand and gravel in the water so retards its move- 
ments that it is possible to have an abundance of water found in a well within a 
mile, or even half a mile, of an outlet where the water is seeping into a river or 
creek channel. The velocity of the movement is therefore largely dependent 
upon the degree of coarseness of the gravel or sand. Water will flow through a 
mass of gravel, the pebbles of which will average three inches in diamater, with a 
decided current, provided the inclination of the surface is sufljciently great. 
But when the gravel is replaced by th^ finest of sand the surface inclination may 
be carried to 10 or 15 feet to the mile, and yet the movement would scarcely be 
perceptible. 

The amount of water present in the sand also has an important bearing on 
the subject. If it is only enough to moisten the sand capillary action will tend 
to prevent movement. But if all the little inter-granular spaces are filled with 
water, so that we may look upon the sand as being suspended in the water, the 
current will become much more strongly marked. 

Again, the character of the floor has a marked influence. The irregularities 
of the floor surface already described result in producing great variations in the 
actual inclination of the floor over different parts of the field. At one place near 
the eastern side of a valley trending north and south the floor will be inclined 
westward rather than eastward and will check the eastward velocity of the water. 
Again, we may have a basin with shallow walls, but covering a great extent. 
This basin will catch the water flowing into it from the west and will let it pass 
onward only when the basin is tilled to overflowing. We may learn a lesson on 
this point from our surface water-courses. In them we usually have pools and 
rapids, or "riflles" as they are called. In the pool the water is deep and wide; 
on the riffle it is shallow and narrow. The velocity of water in the pool is scarcely 
perceptible, while on the riffle it is sufficiently great to produce the gurgling, 
rippling sound so well known to everyone. It is similar with the underground 
water of Kansas. In places it may have almost no perceptible movement; a 
broad underground body may exist wholly or partially surrounded by Cretaceous 
ridges from 5 to 100 feet high, or the walls may even have a greater ^height, as is 
known to be the case in some instances. But such lakes must have an outlet, 
either under the surface or above the surface, for the general eastward move- 
ment of the water will cause it to continue to accumulate until an outlet is pro- 
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duced. The same irregularity of the Cretaceous floor which makes the existence 
of such underground lakes possible likewise produces barren areas, areas occu- 
pied by underground ridges or swells, which are lifted above the general level of 
the adjacent water. 

We therefore have over the whole Tertiary area variable conditions and com- 
binations of conditions which result in the accumulation of water in general all 
over the whole area, but in detail the water reservoirs are quite irregular. With 
an eastern inclination of 10 feet to the mile a basin would have to be very deep 
for its eastern walls to be higher than the general level of the Cretaceous floor 
only a short distance to the west. So, then, in a general way the water moves 
eastward through the valleys and over the ridges, moves slowly, being retarded 
by the resistance of the sand and gravel, apparently may flow uphill in passing up 
the western side of a cross ridge of the floor, but is ever impelled onward by the 
never-ceasing action of gravity which makes it flow eastward down the inclined 
plane, although the upper surface of the plane may be greatly corrugated. 

With the great diversity of conditions regarding the coarseness of the sand 
and gravel, and with the varying conditions of valleys and troughs in the Cre- 
taceous floor, it will readily be seen that we may have a great variation in the 
velocity of the water in its eastward movement, and consequently in the amounts 
of water which may be procured by wells in different locations. Could we com- 
bine a great depth of coarse gravel in a wide trough trending east and west, we 
would have the greatest conditions favorable to an excessive flow of water, or to 
the great strength and endurance of wells. But should a combination of flne 
sand and clay chance to occur, with the underground swells or ridges]of the Cre- 
taceous floor, the conditions would be most unfavorable for the production of 
water by digging. Such combinations of conditions as those just mentioned are 
practically known to exist in diflferent localities of the state, while probably many 
other variations of combinations exist also. 

Tertiary Spriug^s. 

It is a remarkable fact that almost universally over western Kansas the 
country abounds in never failing springs and pools of water. Such springs 
are sometimes high up on the side of a bluff, again low down in the bed of 
an arroyo, or river. These variable conditions, puzzling as they may seem 
at first, are readily understood, are in fact just what one would expect from 
the conditions above explained. If the channel of a modern stream has not 
been cut into the Tertiary deep enough to reach water level in the sand or 
gravel, as shown in figure 7, it will readily be seen that no water could pass 
outwards into the cut from the general underground water. But if the stream 
has cut its channel to a depth below the water level, as shown in figure 2, no 
matter whether it has reached the Cretaceous floor or not, there will be a 
seepage along the banks from the underground water. If the porosity of 
the material should be uniform the seepage will be uniform and the springs 
scarcely noticeable. But such conditions are hard to find. A bed of clay, a 
mass of coarser or finer sand, or some other irregularity intensifies the seep- 
age at one place at the expense of another, and a spring is the result. Far- 
ther down the stream where the channel has been cut far down into the 
Cretaceous fioor, as shown in figure 9, leaving the base of the water level 
100 feet or more up the hillside, the springs will be found at a corresponding 
altitude. A stream fulfilling the conditions of figure 7 will have no water in 
it except from the surface water drainage, while the one corresponding to 
the conditions shown in figure 8 usually has an abundance of water along its 
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course throughout the entire year. Still farther below, as shown in figure 9, 
with the source of the water supply far up on the hillside, it often happens 
that the stream has accumulated a mass of sand and gravel along its newly 
formed channel which absorbs and conceals from view the water flowing into 
it from the springs above. It is a most common observation along many 
of the Kansas streams to find that at certain places springs and pools of water 
abound equaling in quantity aud quality those commonly found in more 
humid regions, while both up stream and down during the long summer 
months the whole valley seems to be as dry and destitute of water as a desert 

It sometimes happens that a shallow trough in the Cretaceous floor trends 
east and west. In such instances springs rarely occur along the side of the 
trough, but at the lower end they are very abundant. Of course it will not matter 
how high the Tertiary material is piled above the floor of the trough, as this has 
no bearing on the water question. A good example of this is the long Tertiary 
ridge between White Rock creek on the south and the Republican river on the 
north. Here is a high Tertiary ridge extending all the way along the north side 
of Jewell county, under which the Tertiary water is found in the greatest quan- 
tity. At the eastern extremity of the ridge, where it passes down into the Re- 
publican river, springs of good, cold, pure water are very abundant, and very 
strong. The cross-section, figure 10, and the Tertiary, as shown on the geologic 
map, Plate XXIII, in connection with the hydrographic map, Plate XXII, tell 
the whole story. 

In one other case, that shown in figure 11, no spring water can be found. Here 
a stream cuts into the Cretacious floor at a place where it slants from the stream, 
and of course the water drainage would be away from the stream. This repre- 
sents the conditions at the state well, No. 1, Hamilton county, six miles north of 
Kendall. 

Under the discussion of the Meade artesian valley later in this Report, addi- 
tional springs are discussed. 

A real Extent of Tertiary Water. 

The area under which the Tertiary waters of Kansas exist in sufficient quan- 
ties to be of importance in irrigation or extensive stock raising are best repre- 
sented by the accompanying maps — one the geologic and one the hydrographic. 
It includes all of the Tertiary area of the state west of the 98th meridian, except- 
ing narrow fringes along the borders where the thickness of the Tertiary deposits 
is not sufficient to hold the water. In addition to these areas it is known that 
the larger river valleys have ground water of great importance. The Kansas 
river from Salina to Kansas City is such a stream. With a valley averaging four 
miles wide and a length of 150 miles we have an area approximating GOO square 
miles, or more than 350,000 acres beneath which is water sufficient, if lifted to 
the surface and properly applied, to irrigate the whole of the valley to as great 
an extent as there is any probability of time ever demanding. Similarly other 
rivers in eastern Kansas furnish the same conditions, but to a less extent. 

Another class of rivers, however, rivers in the Tertiary area itself, need special 
notice. An examination of the map will show that along the Solomon and the 
Walnut, and possibly other streams, is a narrow belt of ground water, while on 
either side of it is a correspondingly narrow belt without water, and still farther 
away from the streams on the high uplands the Tertiary area again appears. 
This represents the exact condition as observed in numerous instances, nowhere 
better illustrated perhaps than the Arkansas river valley from Hartland to the 
western side of the Btate. In such cases the Tertiary floor has been reached and 
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penetrated in the erosive process of the river until a deep gorge or canyon has 
been cut far below the base of the Tertiary deposits. Subsequently, due to the 
decrease in the corrasive action of the river, the valley has been filled with sand 
and soil from the adjacent hillsides and from the areas farther to the west. In 
this way we have produced conditions identical with those of the general Tertiary 
area, a heavy mass of loose pevious material which will allow water to percolate 
freely through it, resting upon an impervious floor, and walled in on all sides by 
the impervious walls, so that the only outlet is downwards in the direction of the 
flow of the stream. Therefore, in the river valley in such instances, we have a genu- 
ine underflow, often existing in large quantities, and generally sufficiently near the 
surface to be of great value. But upon ascending the bluffs on either side, the 
conditions change and the underflow disappears. By passing outwards from the 
stream in most cases the Tertiary area is reached on the high uplands along the 
divides. Here again another and usually an entirely separated body of ground 
water is reached. 

Three good illustrations of such conditions are the Solomon river, in the vicin- 
ity of Stockton, the Walnut river,-in the vicinity of Ness City, and the Arkansas 
river from Hartland to Coolidge. Along the valley of the Solomon large quan- 
tities of water exist. It is true that here and there a well, even in the valley at 
Stockton, fails to produce water. But this is because an underground ridge of 
the Cretaceous floor reaches downward into the valley, and has sufficient height 
to be above the level of the underflow. On the adjacent bluffs, however, and for 
some distance back in both directions the surface is covered with the Niobrara 
chalk and a thin mantle of soil. No water of any considerable importance has 
ever yet been found in those chalk beds, so that on each side of the river valley 
is an area, a narrow strip, almost totally void of water. Still farther away from 
the river, as is shown on the map, an eastern projection of the Tertiary exists, 
producing high uplands, broad and flat, beneath which, at a distance of from 40 
to 60 feet, large quantities of the Tertiary water can be found. 

Along the Walnut river, in Ness county, the wide valley is fllled with Tertiary 
ma|;erials, beneath which there seems to be great quantities of water. In this 
valley the water is continuous eastward throughout its entire length. As the 
Tertiary is piissed other accumulations of loose material occur, so that the 
proper conditions obtain throughout the entire distance for the accumulation 
and maintenance of a strong body of water. In passing laterally either north or 
south from Ness City, we come upon the Cretaceous formations. Southward 
there is but little Tertiary within many miles, and a corresponding lack of water, 
excepting as it is drawn from the Dakota sandstone over 200 feet below. North- 
ward the high bluffs are composed of the Niobrara chalk, on top of which is a 
mantle of Tertiary which soon reaches sufficient thickness to become a great 
water-bearing formation. As a result there is a belt of Tertiary material be- 
tween the Walnut and the Smoky Hill rivers throughout the whole width of Ness 
county, and even beyond, which has large quantities of water within easy reach 
of the surface. 

Along the northern side of the Arkansas river westward from Hartland we 
have a repetition of similar conditions. In the valley itself the quantity of water 
is so great it has never been measured. The bluffs are of the Benton limestone 
and shales, but beyond them to the north the Tertiary appears, and back from 
the river four or five miles it has reached a thickness sufficiently great to become 
a water-bearing horizon. The state well north of Kendall, five miles from the 
river, found water at 170 feet, while the Cretaceous floor was not reached until 
nearly 200 feet had been passed, leaving a thickness of about 25 feet (»f good 
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water-bearing sand, which produced water to as great an extent as has yet been 
tested. 

Other rivers in the Tertiary area exist under quite different conditions. Of 
these the Smoky Hill is the best example in the state. For some reason, as yet 
unknown, this stream has not succeeded in accumulating any considerable 
amount of pervious material in its valley, where it has been cut down into the 
Cretaceous. In other words, the fiUing-in process has not yet been reached by 
the river. As a result, nowhere along its course, throughout the Tertiary area, 
do we find much water in the valley, at least it is not sufficiently extensive to be 
of much importance in irrigation. It is true, in places where the detritus has 
reached a thickness of 6 or more feet, a considerable amount of water can be ob- 
tained by digging, but compared with the water of other areas this is of little 
importance. . But when we ascend the bluffs and pass outwards to the broad 
plains of the great Tertiary areas water in great abundance is found. We have 
the anon^lous condition, therefore, of wells in the river valley being barren, 
while wells on the high uplands a mile or more away, and often from 200 to 300 
feet above the river, are very productive. Figure 3 will help to make this clear. 

Tertiary Artesian Wells. 

Artesian water is found in the Tertiary or Pleistocene formations of Meade 
county. During the summer of 1896 the writer studied the artesian area in con- 
nection with investigations made for the Hydrographic Bureau of the United 
States Greological survey under Mr. F. H. Newell, Chief Hydrographer. A report 
on the same was made to Mr. Newell, which at this date, January 1, 1897, is still 
in manuscript form. Through the courtesy of Mr. Newell the portion referring 
to the Tertiary artesian water is here copied. 

Artesian Wells of Meade County. 

GBOORAPHY. 

. The Meade artetfiuu aroa is located in the valley of Crooked creek, to the northeast of Meade 
CeQter, extending from Meade Contt^r to Wilbum. This f^ives it a length of about twenty mllee, 
with a width in places of nearly hlx miles. The area over which artesian water has been found 
to a greater or less extent covers from ^ixty to eighty sqnare mtlen. It is a broad, flat valley, 
apparently almost level, with almost no irregularities of surface within it, excepting here and 
there small drainage channels which are cut downward from fivo to eight feet, almost like an 
artiflcial ditch. On all sides and in every direction from tlip valley the ground is higher, so 
that there appears to be a natural wall all arouud it. On the t^ast and southeast the wall is 
from 50 to 100 feet high, with gently slopins; sides, and the surface is largely covered with sand- 
hills. On the north there is a gentle rise towards (/rooked cn^ek. producing a maximum eleva- 
tion of about 75 feet between the main part of the valley and Crooked creek itself. But at 
the northeast, towards Wilbum, the wall is much mon> abrupt, rising rapidly to a height from 
100 to 140 feet. A few drainage chauu.^ls originate in t\v^ high grounds to the west, and pass 
across the artesian valley to Crooked creek. Sucli channels present the appearance of mere 
ditches throughout their whole length within the valley, usually having their banks lifted 
higher than the ground some distance back, showing the iilUng-in process to have been carried 
OD by them as is so commonly done by rivers afti»r reaching thr'ir base-level. Crooked creek is 
throughout the valley scarcely distinguisliablc from some of its tributaries ju3t described. It 
is almost insignificant in app9aranco, gouerally but a few feet wide, and can rarely be observed 
in the landscape until one is within a hundred feet of it, so clo>: 'ly d<>>4 it rosomble an artificial 
ditch in its general characters. It has also lifted its banks liigher than the adjacent land to so 
great an extent that in some instances the surface a (junrtT of a mile away is lower than the 
top of the bank immediately at the creek. 

Tlie uplands to the west of the artesian valley increase in helglit rapidly so thit tlia plains 
to the north and northwest of Jasper, as shown by-tho Meade topographic sheot, are morj than 
2,700 feet high not more than 10 miles away, while the general elevation of the artesian vallej 
is between 2,400 and 2,500 feet. The Tertiary ground wat.»r of the high plain** to the wjst is 
found at a depth of from V>:> to ir>0 feet, conseijuently the level of the wat«r t.-n miles to tha 
west of the artesian valley is from 100 to 120 ftM»t ubt»ve the surface of the valley itself. 
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The artesian valley thronsrliout is covered with Tertiary or Pleistocene. The thickness of 
these formations is not known. The different artesian wells vary from 50 to 250 feet in depth, 
no one of which has yet passed through them. To the north, beyond Crooked creek, the Benton 
is shown at the surface in a few places and has been reached in many of the wells. To the 
northeast, a few miles beyond Wilbum, the Dakota was found' by different wells. Sooth of the 
valley the Bed-Beds appear at the surface, as the Benton and Dakota gradually grow thinner 
at the south until they disappear. It is further believed that the strata were here faulted so 
that the Meade valley was sunk to an unknown distance, but at least 200 feet, and that it has 
since been filled in to a considerable extent, probably in Pleistocene time. The character of 
the materials as shown in the borings from different wells here and there over the valley cannot 
be distinguished from the Tertiar>' materials adjacent on all sides. It is composed of silt, and 
clay, and sand, and fine gravel quite irregularly mixed, so that there is no greater continuity of 
the bedding plains than may be found in the Tertiary deposits elsewhere. 

The mortar beds produced by the cementing of the coarse sand seem to be almost wanting, 
but here and there the finer sand and clay are frequently partially cemented by calcium carbon- 
ate producing a certain degree of hardening simiUar to that observed in the mortar beds ehse- 
where. But in character the cement so frequently assumes a concretionary aspect that it seems 
probable it was deposited in the sandsrand clays by infiltrating water after they ^ere placed 
where they are now found. 

The artesian water, therefore, is drawn from the Tertiary, or Pleistocene beds composed of 
materials in every respect similiar to the Tertiary materials surrounding the valley upon all 
sides. It seems sharply distinguishable from the Dakota artesian water known to exist to the 
north and northwest. 

WATER NOT ABTESIAN. 

The whole of the art«sian valley is supplied with the ordinary underground water, which 
may be found at from 5 to 15 feet below the surface. Its abundance is not knoM^n, as no one 
cares to use it. It would seem that it is sharply distinguished from the deeper-lying artesian 
water, as it has no apparent artesian properties. But at the same time it must be admitted we 
are in relative ignorance regarding the reasons why the two are not connected. 

THE ARTESIAN ^VEL,L8. 

The artesian wells at present in successful operation number coni^iderably more than 300, an 
exact enumeration of them not having yet been made.^ 

In depth the wells vary greatly, some of them being but little more than 50 feet deep, while 
others are as much as 250 feet. There is a strong similarity between the materials passed 
through by all the wells if considered in a general way, but a lack of similarity if considered in 
great detail. Each one passes through the surface soil, below which it encounters alternations 
of clay, sand, and soil. The sand is frequently partly cemented so that the well drillers speak 
of it as rock, but the layers thus cemented are rarely more than 12 inches thick, and frequently 
not more than 6 inches. Two wells within 40 rods of each other found a great variation in tlie 
number and relative position of the bods of clay and sand and rock, but nil of them pass through 
the same materials. As far as could be learned there is no particular stratum which must be 
reached before art(>sian water is obtained. A. mass of bluish clay, the color showing that con- 
siderable unoxidized organic matter is contained within it, frequently rests on the top of a bed 
of uncemented sand stained yellow with iron rust. Such sand always contains water, and gen- 
erally the artesian water, and indicates by the degree to^ which the iron oxide is produced that 
the artesian water is a surface water which has not yet been robbed^ofjits supply of oxygen 
gathered from the atmosphere. 

But few wells have been studied carefully while being drilled. In August, 1896, the writer 
had a well put down specially for making an examination. It was located on the land of Mr. 
W. F. Foster, near the center of hection 6, township 31 south, range 27 west. The drill used was 
one rented from Mr. Cooper, a well driller living in the valley. In addition to the bit on the 
end, a pump was attached so that water was forced down through the drill pipe, causing a con- 
stant flow upwards outside of the pipe, the current bringing up the^cuttings of the drilL In 
this way it was impossible to tell within a few inches, or possibly a foot or two, of the depth at 
which a change of material was made unless there was a change in the degree of hardness of the 
material, passing from a hard to. a soft or a soft to a hard layer, so that the one turning the 
drill could detect the difference. The well was carried to a depth of 167 feet and obtained a 
moderate flow of water from a loose, yellow sand. The record of the well follow 

' A more detailed investigation of this valley is contemplated for the future. 
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No. of 

gtratum. 



Thick- 
ness of 
stratum, 
feet. 



Well of W. F. Foster, 

Oq .section 0, township 31 south, range 27 west. 

Description of stratum. 



Total 
depth to 
bottom 

of 

stratum, 

feet. 



1 

2 

3 
4 

5 
6 
7 

S 
9 

10 

11 

12 
13 
14 
15 

16 

17 

18, 
19, 



7 
13 



11 
5 
4 

10 
2 
14 

19 



3 
11 



18 



20 



10 

7 



Soil and subsoil 

Mortar beds (almost entirely free from sand or flrravel, small con- 
cretionary mass of calcium carbonate intermingled with the 
clay) 

Lightrcolored clay, grading into gray and grayish-blue in color., 

Blue clay which grades into No. 5. ^ 

Light-colored clay which grades into No. 6 r. 

Blue clay , 

Mortar beds ^similar to No. 2 

Blue clay , 

At depth of 68 feet began striking thin layers of hard substance, 
which seemed to be layers of sand sumciontly cemented with 
calcium carbonate to produce considerable resistance to the 
drill. Three or four of those were passed during 19 feet. They 
wftro separated from each other by beds of blue clay 

A fine white sand at the top, grading into bluish sand at the bot- 
tom, and which was sufficiently cemented with calcium car- 
bonate to produce a relatively solid rock 

Blue clay, at the bottom of which was a hard sandrock similar 
to those above 

Clay, with sand intermingled , 

Light-colored sand 

Soft clay, grading into No. 15 

Alternating layers of clay and sand sufficiently cemented to be 
noticeable , , 

At 113 feet struck unusually (for this well) hard sandrock less 
than 1 foot thick, below which there was a frequent alterna- 
tion of clay and sand partially cemented, the layers being from 
2 inches to 6 inches thick 

At about 130 feet a fine sand with clay was struck, a light bluish- 
yellow in color, which was 20 feet thick 

At 150 feet the color changed to more of a reddish-brown , 

At 160 feet the sand became coarser and the clay redder in color. 
The drill gradually sank of its own weight, occupying less than 
two minutes in sinking 3 feet, while the pump was kept run- 
ning. At the bottom of this formation the clay seemed to dis- 
appear almost entirely, and the artesian flow came from the 
coarse yellowish sand 



20 
31 
86 
40 
50 
52 
66 



85 



91 
102 
106 
106 

112 



130 



ISO 
160 



167 



It was learned from Mr. Foster and the parties who did the drilling that a well previously 
drilled, located not over forty rods to the west, struck almost none of the harder material. The 
house well of Mr. Mars, a quarter of a mile to the east, one of the best wells in the valley, like- 
wise struck none of the harder materials. Each of these two wells was drilled in about four 
hours' time, which further shows the soft character of the materials passed through. 

It was reported that a few wells not more than 50 feet deep have produced considerable 
amounts of artesian water. From this they increase in deptli to a maximum of 250 feet, a well 
drilled on Mr. Cooper's place about two and a half miles to the soutliwest of the Foster well. 

With but one exception no well has yet been drilled in this valley large enough to admit 
more than a three-inch pipe. The drills that have thus far been available for use have been 
owned locally, and have been handled by men who have had but little experience in well 
drilling outside the valley. Usually a gas-pi|^it> from 12 to 18 feet long is put down to shut o£f the 
first water, after which no piping is used. In a few instances wells have been piped almost 
their entire depth. The best wells now flowing gave but little water when first drilled. They had 
a mild flow bringing up sand, the flow increasing as more sand was brought out. In some cases 
two or three wagon-loads of sand have thus been thrown out by the water, after which time tlie 
flow reached a maximum amount, and the movement of sand almost ceased. Little exjieri- 
menting has been done to determine whetlior or not an increase of water could be produced by 
properly piping the wells, or by pumping them vigorousb' until all the loose sand was removed. 
It is quite possible that flows could be greatly increased by these methods. 

An artesian flow may be found almost anywhere over the valley. Yet there are many in- 
stances in which wells have been drilled that did not yield a sufficient quantity of water to be 
of value. It is difficult to decide, with the data at hand, why some of the wells are successes 
and some are failures. In a few places the surface elevation seems to be a little too high. A 
well in the bottom of a ravine yields a pretty good flow, while one drilled on the banks near by 
will have the water raise almost to the surface, but not high enough to flow. In other instances 
two or more wells may be close togetlier v^th the surface elevation the same, some of which will 
be good flowing wells and others not. It seems probable that this difference is due to two or 
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more causes. The great diversity in the character of the material pas:!^ through in drilling 
the different wells makes it certain that the clay beds are irregular in formation and distribu- 
tion. One can well understand how the disposition of these beds may cause a variation in the 
results obtained. A mass of clay may carry the water so deep that the drill did not roach it. 
Or it is possible for a mass of sand to be entirely surrounded by an impervious clay so that a 
drill penetrating the sand will receive no flow because there is no pressure on the water the 
sand contains. The heterogeneous character, therefore, of the clay beds may be one of the main 
causes for such differences in wells so close together. The experience with wells which are of 
little value for weeks, or even months, after which time they become strong flowing wells, shows 
that in some way thoy become choked with sand, permitting only a mild flow until the sand was 
removed by pumping or otherwise, after which a much stronger flow was obtained. 

It seems th^t the northern and western side of the valley is the more productive. At present 
the best wells are in the northwestern portion of the valley. But flowing wells have been ob- 
tained all the way from Wilbum on the northeast to Meade, or possibly a mile or two south of 
Meade, to the southwest. The flow of the wells varies from a pailful in five minutes to 45 gallons 
per minute. As a more detailed study of the area is contemplatod for next season it was de- 
cided to postpone for the present the gathering of exact data regarding the wells. However, 
approximate measurements were made of 20 or more of the strongest wells. A large bucket was 
accurately measured and fllled by the flow a number of times, one party handling the bucket, 
the other holding a watch, to determine the number of seconds required for fllling the bucket. 
The test was repeated a large number of times to eliminate errors of observation as far as pos- 
sible. In this way it is believed the probable error of measurement is not greater than 1 or 2 
per cent. Five or six different wells were found to yield 45 gallons per minute. Twenty or 30 
wells exist which yield 30 gallons per minute or more, from which the wells grade downward.s 
to the minimum flow. It may be roughly estimated that the actual flow of the wells during the 
summer of 1896 was equivalent to a hundred 30-gallon wells. This would give a yield of water of 
about 400 second-feet. 

The water obtained from the wells is largely used for irrigation purposes. Yet it must Im 
confessed that many of the wells were simply left flowing, and the water allowed to go to waste 
without any attempt to use it. The number of acres irrigated were much fewer than the 
estimated possibility. 

SOURCE OF THE ARTESIAN WATBR. 

From data already given regarding elevations in the artesian valley and the uplands to tlia 
west, it will be seen that the water level from five to fifteen miles to the west of the valley is 
considerabl>' higher than the surface of the ground within the valley. The wells along the 
arroyas to the west of the artesian valley have artesian properties which gradually decrease 
westward. The depth of the wat<^r on the uplands to the west is nearly as great a mile away as 
it is five, excepting where the well is located in an arroya of greater or leas depth. It will not 
do, therefore, to consider the water on the uplands to the west as moving eastward under fa- 
vorable conditions for creating a pressure throughout the whole distance, but rather it should 
bo considered that the imi)ervious Cretaceous or Red-Beds floor slopes to the east at nearly the 
same rate as the surface, and that the water is gradually moving down this gentle incline toward 
the oast. Here and there, however, it passes under local clay beds, which prevent the water 
from rising as high as it otherwise would, and a corresponding pressure is set up. In some way, 
as the large arto^iian area is approached, the water descends and in the descent passes under- 
neath the clay beds of the valley, so that a limited pressure is established. Only a few experi- 
ments were made to tc^st the height to which water would rise in an open tube at the well. All 
such experiments show that the rise is only a few feet in height, perhaps always less than 20. 
The pressure which causes the flow from the wells, therefore, cannot be due to the extra height 
the water has ten miles to the west, otherwise the head would be much greater and the flow cor- 
respondingly stronger. It would seem rather that the pressure is due to the head generated by 
the gentle dipping downward of the water level as it passes under the clay beds near the west 
border of the artesian area, i)erhaps rarely extending fartlier than from two to four miles away. 
The water in the artesian wells seems to be continuous witii the general upland water ro the 
west. It is like it in character, anil the two areas are connect-ed by various wells, so that there 
can lie little doubt on the subject 

SPRINGS IN THE ARTESIAN VALLEY. 

Springs througliout tije artesian valley are by no means unknown. A few are located in ar- 
royos along the western border. These occur liere and there over the valley, some of which are 
of considerable note. The most not«d area for springs is in the vicinity of Mr. Simms's ranch, 
a mile and a half north of Fowler. On the eastern side of Crooked creek, a fourth of a mile or 
more away, a large area is so supplied with springs and seeps that hundreds of acres of land are 
rendered worthless. The springs are principally located just along the border line between the 
valle> proix>r and the higher lauds to the east. The rank growth of vegetation produced by the 
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moisture has provided a touffh and heavy sod which protects the softer ground beneath, so that 
the range animals can pass over it with safety, excepting in the immediate vicinity of the strongest 
pools. Here the npward movement of the water is so rapid, and the sand which is frequently 
brouiHit up with the water accumulates to such an extent that vegetation does not grow for a 
few feet round the spring. Such areas are death-traps to range animals. Mr. Bimma stated 
that numerouH instances have come under his observation of animals becoming engulfed in the 
mud and sinking out of sight, or if not out of sight entirely, sinking the full length of the body. 
In many of the springs, by nsing a long pole, one can feel bones at a distance of from 8 to 15 feet 
below the surface, preHumably the bones of buffalo and other wUd animals which lost their life 
in the springs. 

It !<eems probable that these springs and the artesian wells receive their supplies from the 
same source. The character of the water is the same ; the location in general is the same ; for , 
artesians wells can be obtained in the immediate vicinity of the springs, and the whole charac- 
ter the surroundings implies that there is no essential difference between the sources of the 
two classes of water. The location of the largest springs is near the southeast valley line, along 
the eastern side of the valley. If the valley has been dropped by faulting, the water-bearing 
sands in the valley are doubtless on a level with the Red-Beds or the'underlying Dakota on the 
«*a8t. lliis condition would cause springs to be more abundant along the east line than else- 
where. 

Farther south along the western tributaries to Crooked creek, and in the valley of Crooked 
creek itself, numerouK springs and seejis abound. The largest amount of spring water flows 
through Spring croek — a stream about three miles south of Meade. Springs are abundant 
throughout almost the entire length of this stream, but are particularly so about three miles 
.south of Meade, in section 21. Here most beautiful springs exist. At one place with an area of 
not exceeding 10 square rods, the cold, clear water comes bursting forth from under the mortar 
beds bluffs, forming a stream like a mill-race. An approximate measurement from this one area 
Kave fully three second-feet, which is equivalent to more than 2,000 acre-feet, or enough to irri« 
gate more than 2,000 acr^s with 12 inches of water each year. This is the most remarkable group 
of springs anywhere throughout the West. It would seem tliat there is an abundance of water, 
however, in this one little stream to irrigate more than 3,000 acres 12 inches each year, provided 
it was ail used for irrigation purposes, and proper care taken to*guard against waste. About a 
mile below this group of springs a ditch draws water from Spring creek to irrigate the alfalfa 
fieldB on Crooked L ranch. The remainder of the water paa^c^s on down the creek, and is prin- 
cipally used for stock water, although here and there small amounts are taken for irrigation. 
South from Spring creek, the next most important tributan* from the west is Stump arroyo, a 
:4tToam along which frequent springs occur, but which does not yield nearly as much water. 
One principal ditch draws water from this arroyo to the farms below. 

All these spritigs are in the true sense connected with the artesian area to the north, and the 
<IiKcns5«ion of them is relevant because they throw lighten the origin of tlie water in the artesian 
valley. 

Reviewing the wliole matter regarding the origin of the water in the artesian 'wells and 
arteeiian springs, it must be admitted that it seems the water is continuous with the ordinary 
underground water to the west, and that it is therefore a part of the same. It is certainly dis- 
tinct from the Dakota water, and is so deep that we cannot think it lies above the eantom exten- 
sion of the water plain on the west. 

<^rANTlTT OK AVAILABLE WATEB IN THE ABTKSJAX VALLEY. 

It ii! of great practical importance to arrive at some conclusions regarding the amount of 
available water in thelartosian valley, and to decide whether or not the continued use year 
aftf»r year is liable to destroy the supply. It will hardly do to assume that the wells could be 
put down every few rods over the entire valley, each one of which would flow independently of 
the others. Artesian water in almost all places thus farobnerved in any part of the world has 
been found in wells which acted sympathetically with each other. Should a strong-flowing well 
be* dosed ordinarily adjacent wells have their flow accelerated. But few exi>eriments have 
been thus far made in the Meade artesian valley to determine the influence of one well over an- 
other. Many inquiries were made of citizens here and then* in the valley, and conflicting state- 
ments were given on the subject. Some individuals were iK>sitive that the rapid flow of one well 
seniiiibly diminished the flow in weaker ones near by. while other farmers as stoutly stated that 
on their farm the flow of one had no influence on the flow of another. It is probable the former 
clasM of reports are correct, in fact it would lie quite remarkable were they not. 

Tliis condition need not necessarily argue against the lar^e supply of water in the valley. 
In all cases where wells an» close together, they mutually influence each other, provided the 
rati» of flow through the water-bearing strata, sand, gravel, or whatever it may be, is not suf- 
fici<*ntly great to maintain the flow us long as the supply lasts. But most beds of sand and 
gravel arc so close-grained that there is an Hpprt>ciable chi>ck in the rate of movement of the ^ 
water in the sand, which in most instances will rosult in sympathntic actum 9fj^yJJB^^^^Ij3>QlC 
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It appears to the writer, therefore, that the question of supply of water for artesian wells 
depends more on the source of the water than it does on the mere rapidity of the flow from any 
well, or from a f?roup of wells. The facts already' given certainly imply, as has been seen, that 
the source is the ordinary underiBrround water to the west and northwest. If this is correct, the 
question of supply is essentially the same as the question of the supply in the upland areas. 
As long as the water exists on the uplands from five to twenty, or forty miles away, it is prob- 
able water will likewise exist in the artesian wells. Could a sufficient number of wells be 
drilled, and could the flow be continued from all of them a sufficient lengtli of time, it seems 
reasonable to suppose that a diminution in the supply of water on the uplands would first beob- 
Herved, and later that in the valley. It is probable the small area, less than one hundred square 
miles, in the artesian valley, and the valley of Crooked creek below Meade, could drain the 
whole of fhe uplands to the west, and that their supply of water would not become exhausted 
so long as there was any available water anywhere in the broad plains to the west or northwest. 
We are, therefore, brought to the question of the consideration of the amount of this under- 
ground water, a subject which is discui^sed later in this Report. It is sufficient to say here that 
in the judgment of the writer, water enough could be obtained, wore it properly husbanded, to 
irrigate such part« of the Meade artesian valley as anyone is likely to want to irrifrat« during 
the next half century. 

Origin of the Tertiary O round Water. 

This question has been discussed by scientists and citizens of Kansas perhaps 
more than any other one in connection with the ** underflow" investigations. 
Hay, Follett and others have strongly contended that the ** underflow" is en- 
tirely dependent for its source upon the precipitation on the great plains. Fol- 
lett, as an engineer, based his argument principally upon the slowness of the 
movement of water in the sands and gravel. He has expressed such ideas in 
different places, but perhaps the most concisely and systematically in a paper 
read before the National Irrigation Convention at Denver, in September, 1894.^ 
But he largely neglected the influence of the irregularity of the surface of the 
Cretaceous floor, and the known great variation of the character of the sand and 
gravel, conditions which appeal strongly to one familiar with the geologic condi- 
tions of the area considered. Hay,'- as a geologist, approached the subject from 
a different standpoint. Recognizing that the Cretaceous materials above the 
Dakota sandstone are practically impervious to water, he contended that the 
outcropping of such formations along the great divide east of Denver, which 
trends parallel to the mountain ranges for a considerable distance north and 
south, effectually shut off all drainage waters from the mountains. In illustrat- 
ing this view he published a cut ( figure 12 of his report ) showing how the water 
of the Denver basin between the mountains and the divide necessarily, as he 
thought, could not reach eastward through the Tertiary sjinds. On the other 
hand, the citizens throughout the Tertiary areas of Kansas "almost as one 
man" have an unshaken faith that the waters precipitated along the eastern 
slope of the great Rocky Mountains very largely pass eastward and constitute 
at least an important proportion of the great body of water whic^h they verv 
well know exists in such vast proportions. 

The writer approaches this subject with an appreciation of the difficulty either 
of saying anything new, or of being able to please anyone by what he may say. 
It has seemed to him, however, that there are certain fallacies in the arguments 
set up by the advocates on both sides of the question. He hopes to be able, in a 
few words, to call attention to a few of these fallacies and to show how, on the 
one hand, the local rainfall over the great plains is sufficient to produce much 
greater results than is generally conceded by the citizens ; and, on the other hand. 



» Official Proceedings Third Irrigation Congress, Denver, 1894, pp. 34-3!<. 
'Senate Ex. Doc. 41, 52d Cong., 1st session, Vol. IV, part :i, pp. l-:». 
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how that possibly after all a few defects may be found in the premises taken by 
the opponents. It may be stated at the beginning that it is believed a large pro- 
portion of the water comes directly from the precipitation on the plains, a pro- 
portion which perhaps can never be accurately estimated. On the other hand, it 
is believed to be a possibility and a probability that a portion of the water travel- 
ing eastward from the Rocky Mountain area is disseminated throughout the gen- 
eral Tertiary of the plains and constitutes an integral part of the Tertiary water. 
How well such views can be maintained will be seen in the following. 

Local Jiainf all.— Boon after the State Irrigation Board was created the 
writer, in speaking with a friend, expressed a desire to be in the great west dur- 
ing some of the heavy rainstorms about which he had heard, in order that he 
might see for himself the extent of the rains and the general conditions which 
result. He is now ready to report that his desire was gratified, even to a much 
greater extent than he preferred. It rains in western Kansas and on the great 
plains. By this is not meant a little shower barely sufficient to lay the dust, 
neither is an all-night's rain aggregating two or three inches of precipitation re- 
ferred to. But it is meant that water pours down from above, recalling to the 
traveler on the plains the time of old of which it is said " the windows of heaven 
were opened." Four, six, eight, and nine inches of precipitation have been 
known within a week. Little arroyos scarcely noticeable in ordinary times, mere 
ditches in the broad surface, are changed as by magic into swollen torrents. The 
whole surface of the country becomes a lake, a " water sheet '* in the true sense 
of the term, which flows from the uplands down into the valleys, inundating ev- 
erything before it. 

In July, 1895, three diflPerent nights within less than a week's time the little 
town of Syracuse, in the Arkansas river valley, 15 miles from the Colorado line, was 
flooded, not by waters from the Arkansas river, but by the "sheet water" flow- 
ing off the hills in its journey to the river. The last night of the three the water 
covered the whole valley to a depth of from 2 to 6 feet, forming almost a continu- 
ous lake from the vicinity of Coolidge to below Hartland. Nearly every building 
in Syracuse had water over the first floor. It was 5 o'clock the next day, nearly 
20 hours after the floods first came, before the streets were sufficiently freed from 
water for a footman to be able to pass from the hotels to the depot without wad- 
ing.' A portion of the platform at the Santa Fe passenger depot was lifted from 
its place and lodged across the railroad track. Emigrants camping in the valley 
at different places were obliged to take refuge in their vehicles in the middle of 
the night, with water two or more feet deep on the ground beneath, and await 
in darkness for whatever fate might befall them. What the total rainfall was on 
this occasion in that particular locality is not known, but it must have been 4 or 
5 inches. It followed two other heavy rains which had thoroughly saturated 
the ground and i)roduced similar floods, only much less in extent. 

During this same week Bear creek, to the south of the Arkansas river, a stream 
usually entirely without water nine-tenths of the year, was out of its banks nearly 
the whole time. To properly understand the conditions here a few words must 
be said in explanation. Bear creek rises in southeastern Colorado, passes across 
the Kansas line, and ordinarily entirely disappears in the sand hills south of 
Hartland. Throughout a part of its course it has a channel with a bank on 
either side, but in the vicinity of Hartland the banks greatly diminish in height 
until they entirely disappear, and the channel of the stream, a hundred miles or 
more in length, simply cease to exist. On this particular occasion the rains in 
eastern Colorado and western Kansas produced a great flood in Bear creek. . The 
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following description is taken from a letter received from Judge W. E. Hutchi- 
son, of Ulyesee, Grant county, Kansas: 

" During the night of tho 19th of Jaly, 1895, the water rose in Bear creek, about the line be- 
tween Qrant and Stanton counties, and proceeded slowly towards the end of the channel on the 
edge of the sand hills, near tho Arkansas river, south of Hartland. The amount of water was 
such as could be retained within the channel of the stream, and not more than has often been 
seen in the channel of this creek once every two or three years. By the morning of the 2tst of 
July the water had almost subsided, but it was reinforced by the heavy rains in Colorado, and 
commenced to rise again on the 2l8t of July, and continued to run until the 25th. From the 
places where it broke out from the channel, most particularly which were near the Grant and 
Stanton county line, the water flowed in northeasterly and southeasterly directions out upon the 
high lands. The average depth in the bed of the stream was about six or seven feet ; that on the 
high lands would average about 12 inches. It spread out on each side of the stream one and one- 
half to three miles, carrying with it drift of all kinds that passed down the channel, particularly 
grass, weeds, sage-brush, etc. It seemed to run over the high lands as if in a newly made chan- 
nel. The overflow in the southeasterly direction, near Shockeyville, Grant county, continued as 
in a channel, in which the current was very apparent for 8 or 10 miles, spreading out on either 
side of the well-defined and recognized center or channel. The velocity in these channels out on 
the high lands was nearly equal to that in the main channel for a distance. It was at least on 
an average from a mile and a half to two miles an hour. The velocity of the water in the main 
channel was probably three miles an hour. Bear creek has a well-defined channel from the state 
lino to the sunk well at the south side of the sand hills, seven miles south of Hartland. This 
well, which is simply a depression in the sand hills, and in coarse sand, was never known to 
have been dry until about two years ago. The level of the water, however, in this depression is 
usually about six feet below tho bottom of tho channel at that place. From the sunk well on 
through the sand hills is a winding channel, which one would scarcely think was intended for a 
channel of a stream until he should see water coursing through it, as we did this summer. The 
water ran past the sunk well — the usual terminus of the stream in times of ordinary floods— 
clear tlirough the sand hills to the last ridge of them next to tho Arkansas river, through which 
ridgo there seems to be no opening whatever for its escape. It spread out east and west in irreg- 
ular shapes, as it could find openings between the ridges of the hills for probably a mile and a 
half or two miles wide, and it is safe to say was in some places 15 to 20 feet deep, as is now made 
very apparent by the marks washed out and the drifts left on the sides of the hills. Not a drop 
of the water escaped into the Arkansas, and after the 25th of July, when the flow down the chan- 
nel ceased, the water stood and remained in the channel and elsewhere in the sand hills, the 
same as it did in tlie basins and lagoons on the uplands. It was not long, however, in drying up 
in the main channel of the stream. Out on the uplands, especially in basins, the water stood for 
several weeks. In the sand hills there is water standing now ( December 27, 1885,) in some places. 
Eleven years ago there was a similar overflow of Bear creek, which spread over the uplands, we 
are told by the cattle-men who were then in this country, and ran past the sunk well into and 
nearly through the sand hills, as at this time." 

A similar condition existed with the White Woman north of the Arkansas 
river. The rains were not quite as heavy in that part of the state, but they were 
sufficient to cause the stream to be flooded and pour immense quantities of water 
into the basin at its mouth, a shallow lake in rainy weather, but ordinary dry 
upland throughout the greater part of the year. It is useless to continue these 
descriptions further. The rains of the past two seasons were sufficient to demon- 
strate to any one familiar with the conditions in western Kansas that during such 
seasons, the quantity of water precipitated over the Tertiary area which ulti- 
mately reached the underground water must be exceedingly great. A considerable 
portion of the whole Tertiary area is covered with sand, into which the water 
penetrates with great readiness. Other portions have the mortar beds exiiosed 
over them, a porous rock mass which absorbes water almost as readily as the 
loose sand itself, while the general plains marl, even in its best developed form, 
absorbs water perhaps as readily as ordinary soils in more humid regions. 

To sum the whole matter up it may be stated as an approximation that upon 
the average, year after year, from four to five inches of water penetrates the 
ground and joins the ground-water. This is not uniform, for the rains are not 
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uniform, and the absorptive powers of the surface vary greatly, so that it is pos- 
sible for some areas to absorb but little while others absorb large quantities. 

Mountainous Water. — In considering this subject it is not necessary to an- 
tagonize any statements of fact made by Hay or others regarding the geologic 
conditions of the great divide east of Denver. It is well known that at least two 
great streams, the Platte and the Arkansas, pass eastward from the mountainous 
region. . It is equally well known that their banks and bluffs are not particularly 
high and that in many places there are opportunities for water to work its way 
laterally from the streams to the main uplands farther east. For the descent on 
the surface is so great that a level from the bed of the river would have to be 
carried but a few miles east to have an elevation far above the highest uplands. 
It has already been shown that the cretaceous floor was greatly eroded in pre- 
Tertiary time. It has been proved many times from the experience in well-drill- 
ing and otherwise that there are underground valleys in the cretaceous floor 
which do not at all correspond with the surface valleys. Therefore we are in 
ignorance regarding the condition of the upper surface of the cretaceous near the 
mountains except where it is exposed, and the slight evidence gained from the 
various wells which are by no means numerous in that part of Colorado. It is 
here simply contended that in addition to the two great streams which pass to 
the east from the mountains there may be other outlets, not for the surface 
water, but for the underground water, so that much of the precipitation in the 
mountainous region, which is heavier than on the great plains, may slowly but 
surely work its way eastward and commingle here and there with the under- 
ground water produced by local rainfall. 

Another fact of considerable interest in this discussion, and one which seems 
to have been overlooked by all previous writers, is the relation of the Tertiary to 
the Dakota sandstone beds in the southwestern part of Kansas and southeastern 
Colorado. We now have a series of artesian wells along the Arkansas river valley 
reaching almost continuously from the foot of the mountains to the western 
border of Kansas. It seems to be well established that they draw their supply 
of water from the Dakota sandstone, which extends in wave-like forms from near 
the foot of the mountains eastwards to beyond the middle of Kansas. In south- 
western Kansas and southeastern Colorado over an underter mined area it is 
known the Dakota and the Tertiary come directly in contact and must necessa- 
rily therefore mingle their waters. This is true over a large part of Grant county, 
probably all of it, and over Stanton county and Morton county. The Benton 
limestone occurs at the surface in southeastern Gray county and was reached 
in a well at Santa Fe, Haskell county, showing that the Benton reaches south 
from the river and covers part of that territory. But we have an area of at least 
three thousand square miles over which it is probable the Benton limestones and 
shales do not occur, leaving the Tertiary underflow and the water from the Dakota 
sandstone to commingle and form one continuous mass. In this way, if no other, 
it would seem without doubt that at least in the southern part of the state the 
local rainfall and the mountain flow become united in one. In how many 
places in Colorado the Dakota is brought up to near the surface so as to mingle 
its waters with the Tertiary underflow we do not know, but probably the com- 
mingling of waters is assisted in this way. 

Amount of the Unclerground Water. 

No one knows the amount of the ground water, and it is doubtful if anyone 
ever will. However, a great deal is known on the subject. We have hundreds, 
yes perhaps thousands, of wells drawing water from it. Some of them have been 
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exhausted, while others have been pumped from as rapidly as a 12-horse power 
engme could operate without producing any appreciable efiFect upon the amount 
of the water the well could yield. It is difficult to judge of the capacity of a well 
even by such operations as these. Should a well reach an underground ridge of 
the Cretaceous floor it may be entirely barren from the start. Two of the state 
wells drilled are of this kind. Yet all they demonstrate is that they chance to be 
located over a ridge in the floor, an island so to speak in the underground lake. 
Should a well be sunk into an underground valley where the water-bearing sand 
is a hundred feet thick, the water pumped for a year at the rate of a thousand 
gallons per minute, it would by no means show how great the ground water is, 
even in that locality. Should the well become exhausted by the pumping it 
might mean that that particular pool of water was exhausted, but most probably 
it would mean that the pump had drawn the water faster than it could flow 
through the adjacent sand in order to reach the well. 

But we know there are vast quantities of water. Hundreds upon hundreds of 
wells have been pumped from as continuously as the wind would give motion to 
machinery for from one to five years without showing any indication of a diminu- 
tion in the supply. 

Our estimates of the amount of the ground water, it would seem, must be 
based upon results obtained from two lines of investigation, neither of which can 
ever be made exhaustive. One of these is the amount of water which can actually 
be lifted to the surface from below. The limitations of this means of investiga- 
tion have already been stated- It will be understood by all thinking people that 
the only way the question could ever be answered by this means would be to have 
a sufficient number of pumps to entirely exhaust the supply of water, which is 
impracticable, and equally undesirable were it practicable. The other line of in- 
vestigation is to determine the source of the water and to form an estimate of the 
amount in that way. This, too, has already been shown to be impracticable if an 
exhaustive inquiry is desired. It would be difficult to estimate, excepting ap- 
proximately, the proportion of precipitation on the great plains which reaches the 
underflow. But it is much mor^ difficult to determine the amount of water 
available from other sources. Should this be confined entirely to the Dakota 
sandstone, which, as already stated, is not probable, no way is known at present 
of determining even approximately the amount of available water. 

It should be remembered that we have here a means of concentration which 
is very effectual. The limited precipitation of western Kansas, averaging from 
15 to 20 inches per annum, varying with location, would be entirely evaporated 
were it continuously exposed to the surface. 

But by the methods employed by nature a considerable portion of this precipi- 
totion soon passes downward beyond the reach of evaporation. On the basis of 
12 inches of water being all that is necessary, to add each season, if 6 inches of 
water annually joins the underground water it would be possible to irrigate 50 
per dent, of the whole area ; if 3 inches of the rainfall is saved annually 25 per 
cent, could be irrigated ; while if only 1 inch annually of the rainfall is saved 
S% per cent, of the whole territory could be ^igated. 

While discussing the Dakota artesian water supply it was urged .that the 
most important question is the rate of supply rather than the amount now ac- 
cumulated in the underground reservoirs. Here the argument is equally forcible. 
The volume of water now stored in the Tertiary sands and gravel can be of only 
temporary interest, can serve only temporary wants. It is the annual addition 
to the available water which is of the greatest importance, for it represents 
the amount which can be perpetually used each year. 
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When we consider the relatively large areas in western Kansas covered 
by surface sands* which absorb almost all the precipitation, and the large 
number of small streams which pour their water out upon the sand hills and 
uplands during the times of freshets, it seems reasonable to suppose that 
an amount of water is saved annually equal to from one to two inches for 
the whole area. This alone, if properly handled, would irrigate from 8 to 12 
per cent, of the whole country, which is probably more water than the 
ground will be called upon to furnish for several generations. Add to this 
the probability of additions of water from other soudrces, and we have a sup- 
ply of water awaiting utilization which probably is as great as need be de- 
sired at the present time. The important question now is not: How much 
water can be obtained from the great plains? but it is rather: How can the 
existing ground water be drawn to the surface? and: How can it best be used 
when obtained? In the light of the investigations made during the past two 
seasons, the writer considers these the only vital questions at the present 
time in connection with the reclamation of western Kansas. 

In this connection the accompanying hydrographic map should be care- 
fully studied. It will be seen that large portions of the whole area have water 
within less than 75 feet of the surface. To the areas thus represented on the 
map should be added the valleys of many lesser streams which could not well 
be shown here. Were all these areas inhabited with agriculturists, farming 
by the most approved methods of recent intensive farming, to as great an 
extent as the available water would permit, western Kansas would support 
a very respectable population. As the water is drawn from those areas until 
a degree of exhaustion is almost reached it will pass in from the other areas 
from which the water is not lifted. In this way, to a considerable extent, 
water may be drawn from the high uplands where it lies so far below the sur- 
face that pumping is exceedingly expensive. 

Discussion of Special Areas. 

General Upland Areas. — It is now proposed to make a few remarks regard- 
ing the conditions of special areas, beginning along the north side of the state 
and passing southward. 

One of the most peculiar, and at the same time most interesting areas in 
the state, is that of Jewell county. It will be seen by referring to the geo- 
logic map that a long narrow tongue of the Tertiary formation extends along 
the north side of the county to the Republican river, occupying the high ridge 
between the Republican river on the north and the White Rock on the south. 
The Cretaceous chalk beds are exposed along the White Rock almost en- 
tirely across the county, and also along the bluffs of the Republican, but on 
this divide the whole of the formation to a depth of about 100 feet is Ter- 
tiary. A cross section of the Tertiary ridge taken from the surface con- 
tours and the records of various wells (see figure 10) shows that the Tertiary 
ridge rests in an old Cretaceous trough. The evidence for this is strong. 
At one place just south of the Tertiary, and immediately north of Mankato, 
a well was drilled to 90 feet, passing through the chalk beds the entire dis- 
tance, excepting the light surface soils. Less than a mile away to the north, 
on about the same surface level, another well was sunk 95 feet, passing the 
whole of the distance in the Tertiary, which found an abundance of water 
before the chalk beds were reached. The whole belt is full of wells, usually 
nearly 100 feet deep, every one of which furnishes a large supply of good 
water, while along the Republican brakes to the north, or the White Rock to 
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the south, water is hard to obtain by digging, and that which is procured is 
so mineralized it is not very serviceable. Another evidence favoring the idea 
of a Cretaceous trough under the Tertiary ridge is the condition of springs. 
Scarcely a spring is known along either side of the belt throughout Jewell 
county, but at the eastern end of the area, along the bluffs of the Republican 
river, springs are numerous, the supply of water they furnish is abundant, 
and the quality is the same as that produced by the wells in the Tertiary area. 

Passing westward from Jewell county through Smith and Phillips it is noticed 
that in a number of small areas the Cretaceous rocks are exposed to the surface. 
Obtaining water in these counties is therefore rather uncertain for those who 
prospect regardless of the geologic conditions. But so far as learned wherever a 
well has been put down to the proi)er depth in localities where the Tertiary de- 
posits had any considerable thickness, water of good quality and lasting quantity 
was invariably obtained. 

Still farther west in Norton county and the northern part of Phillips larger 
portions of the surface are composed of the Cretaceous chalk beds, while the two 
forks of the Solomon river and the various lesser tributaries usually cut down 
through the Tertiary to the Cretaceous and sometimes far within it. The obtain- 
ing of water is therefore somewhat uncertain in those two counties, but the out- 
lines of the Tertiary formations, as shown on the map, may be used as a guide. 

Still farther west in Decatur and Rawlins counties the Cretacous deposits are 
relatively thick and the wells are correspondingly deep, but in almost every case 
the supply of water is abundant and the quality good. Some of the tributaries 
of the Republican in Rawlins county have cut their channels downward 
through the Tertiary, and for some distance into the Cretaceous, giving areas 
where the water supply is deficient. But while this result has been produced 
another one exceedingly advantageous has also been brought about. The 
streams cutting through the Tertiary to the Cretaceous floor have made it possible 
for springs to exist, the conditions for which have already been explained in pre- 
ceding pages. It is by no means uncommon in Rawlins and Cheyenne counties, 
particularly in the latter, to find various valleys along the principal tributaries of 
the Republican which are well watered the year round without any artificial ap- 
plication. The valleys have been corraded to the base of the Tertiary and an 
outlet to the general body of underground water has been produced, so that con- 
stant seepage is in progress forming pools of living water here and there along 
the streams, and frequently saturating the soil of the valleys to so great an ex- 
tent that even in dry seasons further application of water is not desirable. 

Cheyenne county is interesting to the student of the water problem oa 
account of the great diversity of conditions existing. It will be seen that in- 
the central part of the county, and again to the northwest and north, certain 
areas of Cretaceous rocks are exposed. Even in the very center of the county, 
at St. Francis, a small shale area exists sufficient to interfere materially with, 
the production of water. Few counties in the state have had more wells, 
drilled in them than this, and it would seem that in few localities have the* 
people been more determined to obtain water from the Cretaceous shales; 
than here. But in almost every instance it has proved a failure. In the few- 
cases where success has followed their efforts it has probably been due to 
flssurea in the shale leading off from the Tertiary water. From the evidence 
given by the wells it would also seem that the surface of the Cretaceous floor 
is more irregular here than in most localities. Stories are told of wells only 
a few yards apart, one of which Is confined wholly to the Cretaceous, while 
the other is confined wholly to the Tertiary. 
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Passing southward from the border tier of counties, the high divide be- 
tween the Republican and the Smoky Hill river is encountered, and so far 
as the available evidence shows water exists in the greatest abundance over 
the whole area. Sherman county, Thomas county, Sheridan county, and 
the greater portion of Graham county and a considerable part of Rooks 
county possess similar conditions. The prospecting for water has been 
carried to a greater extent in Sherman county, perhaps, than in either of the 
others named. The depth to the water varies slightly on account of the vary- 
ing conditions of altitude of the surface, but in most places water is reached 
at from 150 feet to 200 feet, and frequently will rise quite perceptibly in the 
well. It is not unsuual for the drill to find a bed of water-bearing sand above 
a stratum of clay, below which Is another bed of water-bearing sands the 
water in which will rise to the level of the first water reached. Some wells 
even have passed a third water-bearing stratum before the Cretaceous floor 
was reached. A neck of the Cretaceous shales exposed along one of the tribu- 
taries qf the Smoky Hill passes up into the southeastern part of Sherman 
county, producing an area in that part of the county over which water is hard 
to obtain. 

The third tier of counties from the north line, including Wallace, Logan, 
Gove, and Trego counties, has a much greater variety of conditions than pre- 
vails to the north. The Smoky Hill river and its principal tributaries 
have cut their channels through the Tertiary, but only a short distance into 
the Cretaceous, and have accumulated so little sand and silt along their val- 
leys that there is but little ground water in the river valleys proper. In this 
area perhaps more than in any other part of the state we have the apparently 
anomalous condition of water being hard to obtain by digging in the river 
valleys, yet easily obtained in great abundance on the high uplands near by 
on either side of the river. A discussion of the causes for this set of condi- 
tions has already been given. But along with this absence of water by boring 
a few favorable conditions ai'e mingled, the existence of numerous springs. 
This is implied by the geographic terms, such as Sharon Springs, in Wallace 
county, and Russell Springs, in Logan county. Where the base of the Ter- 
tiary is reached by the Smoky Hill or its tributaries water from the general 
underground supply is frequently found producing never falling springs of 
godd, fresh water. 

In many parts of these counties, however, an abundance of water is obtained, 
both north and south of the Smoky Hill river. In Wallace county water is 
found so far as is known almost without exception where the Tertiary has any 
considerable thickness. In Logan county it also exists in great quantities, and 
many of the nicest irrigated gardens and small fields found on the uplands in 
the state are nestled around the railroad stations in the northern part of this 
county. The experiments at the state well at Oakley given by Judge Sutton 
show something of the large amount of water here. 

Eastward in Gove county and Trego county the water is not so abundant, and 
boring for it in the Tertiary areas is not so sure of favorable results. The state 
well located at Wa Keeney, Trego county, although producing water sufficient 
in quantity, perhaps, to supply the demands of the ordinary farmer, was reported 
a failure by the Board because it was not sufficiently productive to be of any con- 
siderable importance in irrigation. At this pla(?e the water-bearing sand was but 
•t to 6 feet thick, and exceedingly fine grained, so that the flow of the water 
through it would be unusually slow. Beneath the sand, at a depth of approxi- 
mately a hundred feet, the Niobrara chalk beds were reached, showing that it 
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was useless to go any farther. This tier of counties is the area farthest north, 
so far as the writer is informed, which has been prospected by deep borings and 
which has so uniformly yielded salt water from the Dakota sandstone. 

The next tier of counties to the south, or the fourth tier from the. north side 
of the state, comprising Greeley, Wichita, Scott and Lane counties, has but little 
exposure of cretaceous rocks, yet the evidence obtained from various wells, par- 
ticularly along the line of the Missouri Pacific railway in Greeley county, shows 
that there is a great underground ridge of the Cretaceous floor, in many places 
coming to within 50 or 75 feet of the surface, with little water above the under- 
ground ridge. This part of Greeley county is one of the most unfortunate areas in 
the state in this respect, yet it appears on the map to be completely covered with 
the Tertiary formations. In places the water is relatively abundant and of good 
quality. One of the worst features of this condition is that there is practically 
no indications on the surface where water can be obtained and where it cannot. 
It seems to be almost wholly dependent upon the existence of ravines and chan- 
nels in the surface of the Cretaceous floor, the existence of not one of them being 
indicated at the surface. The state well at Tribune, in the valley of the White 
Woman, reached the Cretaceous floor without passing through any water-bearing 
sand, while other wells near by on the highest ridges of the county found large 
quantities of water. 

The state wells at Leoti and Dighton were more fortunate. Private wells also 
show that these counties are much better watered than Greeley county. As far 
as we can tell many parts of these three counties are well watered. 

Eastward in Ness county there is a similar Tertiary area down in the valley of 
the Walnut which uniformly affords water, apparently in great quantities. Here 
also are found several wells which have penetrated the Dakota sandstone and 
have succeeded in obtaining good, fresh water in large quantities. The experi- 
ence of those who have drilled deep enough to reach the Dakota would indicate 
that throughout this part of the country no one need doubt the widespread dis- 
tribution of Dakota waters in this locality, so, that in connection with the Ter- 
tiary water and the Dakota water, the Walnut river valley, throughout its en- 
tire course, is one of the best watered portions of the state. 

Passing southward from this tier of counties we are taken to the Arkansas 
river area. Here we have two sets of conditions, the river valley proj^er, and the 
uplands on either side. The northern part of Hamilton, Kearny, and Finney 
counties may be influenced by the great underground swell in the Cretaceous 
floor already mentioned as occurring farther to the north. Many wells have 
proved failures ; but the country is so sparsely settled that Mr. Adams and Mr. 
Patten found great difficulty in obtaining much reliable information for that part 
of the country. The state well five miles north of the river almost on the border 
between Hamilton and Kearny counties, at a depth of 172 feet reached water- 
bearing sand more than 20 feet in thickness. On the uplands on the south side 
of the Arkansas river in these counties but little prospecting for water has been 
done near the river, as the whole surface is covered with sand dunes for several 
miles away. Such wells as have been sunk, however, have uniformly found 
water. The state well near Cimarron is a good example of this. Dug on the up- 
lands in the sand-hills area, after passing through sand and clay a bed of un- 
usually coarse gravel was found which seems to contain more water than any 
ordinary pump will be able to lift. 

The Arkansas River Valley. — The Arkansas river valley, viewed from the 
water standpoint, is one of the most remarkable areas in America. WeJ 

I 



StS>''\ 



102 Report of the Irrigation Board, 

liable evidence showing that in past time the river cut a wide and deep channel 
into the Cretaceous floor, which is here the Benton limestones and shales. It 
seems that on the south side only slight banks or bluffs existed, if any at all, 
while on the north they rose to perhaps hundreds of feet in height. Subse- 
quently, the channel became filled with gravel, and sand, and silt almost to the 
level of the banks on the north. Figure 11 represents these conditions. The 
Benton limestones and shales are exposed in the bluffs at the present time from 
Hart land to Coolidge and beyond, while they are usually less than 100 feet 
under the surface over the greater part of the upland for miles to the north of 
Garden City. Northeast only a short distance they appear at the surface. On 
the south side of the river, however, the conditions are very different. Not a 
well heard from east of Hartland raached the Cretaceous floor, and but few of 
them in the southern part of Hamilton county found it. Farther to the south- 
east, in the southeast corner of Gray county, a small exposure of Benton is 
known, so that probably wells in central Gray county would reach the same 
rocks at relatively shallow depths. It would seem, therefore, that the Arkansas 
river in some way in earlier times succeeded in cutting its channel in such a man- 
ner that high, steep bluffs were produced on the north with almost no bluffs 
whatever on the south. A discussion of how this could be brought about is 
purely geologic, and would be somewhat out of place here. 

The maximum depth of the river channel in past time is not yet known. 
Many reports were made by individuals concerning the subject. Unfortunately 
the records of the artesian wells at Cooledge seem to be destroyed. Some parties 
told the writer that the shale was reached at about 30 feet in the river valley at 
that place, while others said that it was much farther. Eastward it seems that 
the thickness of the present sand in the valley is greater, reaching from 100 to 
200 feet thick. We therefore have undoubted evidence that the valley of the 
Arkansas river was at one time much deeper than now, that this valley has been 
filled in with sand and gravel and silt brought principally from the west, but par- 
tially from the adjacent Tertiary deposits, and that the whole river valley with 
its hundreds of feet of sand and gravel to-day is a great mass of water, or under- 
ground lake of water, which is moving slowly eastward, but which can be ob- 
tained by boring almost anywhere within the valley to a depth not exceeding 15 
feet, while in most places the depth varies only from 6 to 10 feet. The amount of 
this water cannot now even be approximated. In different instances wells have 
been put down only a few feet into the water, steam engines attached to the 
pump and water pumped at the rate of from 500 to 1,000 gallons per minute with 
no appreciable effect upon jwering the water level in the well other than might 
be attributed to a slight depression in surface due to tha necessary slowness with 
which the water could move through the sand to the well from all directions. 

In addition to the ordinary ground water in the Arkansas river valley, we have 
the Dakota waters in the Dakota sandstone existing in great quantity and at ob- 
tainable depths, as was discussed at length while speaking of the Dakota water. 
These two kinds of water combined make the Arkansas valley of the best watered 
parts of the world. 

The next tier of counties southward — the sixth from the north — includes a 
large territory which yields an abundance of water. Throughout the greater 
portion of Stanton county and the western part of Grant county the Dakota sand- 
stone comes so near the surface that the depth to the water is not very great, 
perhaps averaging less than 100 feet. Eastward, in Haskell, and parts of Gray 
county, however, the depth is greater, as shown on the hydrographic map plate. 
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Still farther east, in Ford couDty, an abundance of water is obtained at from 50 
to 150 feet, while the same water area exists in Kiowa and Pratt counties in un- 
diminished quantity. 

In the southern tier of counties, including Norton, Stevens, Seward, Meade, 
and Clark counties, in addition to the ordinary ground water two other features 
are of special interest. The Cimarron river valleys aggregate about 250 square 
miles of unusually smooth, even land, with the water in great quantities lying 
at a depth of from 10 to 30 feet. In a few cases greater depths have been passed 
before the water was reached, but quite frequently in such instances it has risen 
in the well to within 20 or 30 feet of the surface, so that this measurement repre- 
sents the distance the water will have to be lifted in pumping. The wells have 
not been tested to a sufficient extent to warrant a positive opinion regarding the 
amount of water they would furnish, but from other conditions no doubt can be 
entertained regarding its abundance. The South Cimarron rises away towards 
t\n*, mountains, and usually has a freshet every summer entirely independent of 
tho local rainfall. 

A second subject of special interest here is the Dakota water which is so 
shallow, which can be reached at such shallow depths in the southwestern part 
of the state. In places it comes to the surface, as shown on the map, elsewhere 
it is within a few hundred feet of the surface. Probably wherever reached it 
will produce large quantities of water. 

The McPhcr son Area, — In the vicinity of McPherson exists an area re- 
makable in its geologic properties and very [important in connection with the 
underground water which it conveys. In past time it seems an old channel sim- 
ilar to a river channel was worn connecting the Arkansas with the Smoky Hill 
river, and covering a width in some places of about twenty -five miles. This area 
is represented on the map, Plate XIX, by obliquely ruled lines and light stipples • 

By an examination of this map it will be seen that it covers all of the surface 
from the Smoky Hill south to the general lowlands of the Arkansas river, includ - 
ing the area around McPherson, Groveland, Elyria, Mound Ridge, Halstead, 
Burrton, and other places. On the east it passes within about two or three miles 
of Newton, and a like distance of Lehigh. From this point it bears rapidly to 
the northwest until the Smoky Hill river is reached. Aiken is near the western 
boundary, from which point it bears south until the general lowlands of the Ar- 
kansas river are reached to the northeast of Hutchinson. Plate XX shows four 
sections across the area, the locations of which are marked on the map. By an 
examination of these sections it will be seen that the covering of sandy material is 
relatively thin throughout the main part of the eastern area, but that near the 
western side the sand increases in depth to nearly 200 feet. How much deeper 
the old river channel was is not known, as the original floor of the channel has 
not yet been reached by any of the wells in the locality. 

The important feature of this area in connection with the present discovery is 
the unusually large supply of good, fresh water which it provides. The whole 
area is supplied with an abundance of water which is, in almost every respect, 
similar to the Tertiary ground water of the west. The city well at McPherson is 
a good illustration of the amount of water which can be had. This well reached 
a depth of about 140 feet, and obtained a supply of water so great that the con- 
stant running of the large pump in the 10-inch well could have no apparent efifect 
upon it. It is described by Dr. S. Z. Sharp as follows: * ** Here the water is ob- 
tained in abundance at 100 feet. The well of the city water-works is 140 feet 

* S. Z. Sharp, unpoblished paper read at 1895 meeting of Kansas Academy of Science. 
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deep, and the water is pumped through a 10-ineh pipe by steam into a stand pipe. 
When the water-works were constructed eight years ago and put to a test, previ- 
ous to their acceptance by a stock company, the pump was kept running contin- 
uously for 10 days, lifting 10,080 gallons per hour." 

The economic importance of this water supply cannot be overestimated. It is 
easily seen by an examination of the surface of the country during the summer 
season that the general farm crops throughout this whole area are more flourish- 
ing than on either side. The artificial groves of different kinds of trees, and the 
orchards of various kinds of fruit- trees, show a marked difference in health and 
rapidity of growth. This is so strongly marked that one standing on a prominent 
ridge on either side of the area in midsummer can trace with the eye the boundar>' 
lines of the area by the different appearance of vegetation here and elsewhere. It 
is not overstating the conditions to say that year after year the average yield of 
crops in this locality is decidedly superior to the yield on either side. In addition 
to this the farmers and citizens throughout the whole of the area have within 
easy reach an abundant supply of water which is suitable for all kinds of domes- 
tic purposes, and which is sufficient in quantity to meet any demand that may be 
put upon it. The city of Newton at present is arranging to obtain its w^ater su]) 
ply from wells bored six or eight miles to the west of the city, located in this same 
Pleistocene sandy area, or old river valley. 

At present it seems that there is here an underground water connection be- 
tween the Arkansas and Smoky Hill rivers. 

For a further discussion of the geologic conditions of this most interesting and 
remarkable area the reader is referred to a description of the same under the 
name of the McPherson Equus Beds, by Mr. J. W. Beede, in Vol. II of the Uni- 
versity Geological Survey of Kansas. 

Special Areas Described by Dr. Geo. I. Adams. 

Jetmon to Lamed — Thf Valhn/ of ihr But'lcnvr and P(urn<f RivrrH.— 
The investigation of this area extends a distance of 50 miles along the Pawnee 
and Buckner to Jetmore. It covers a strip 12 miles wide, conforming to the gov- 
ernment townships, beginning at Lamed, in towns 21 and 22, and jogging south 
to Hanston to towns 22 and 23. The area embraces approximately the valley of 
the above-mentioned streams, extending well upon the divides on either side of 
them. 

The geology of the area is easily comprehended. At Larned we have a tyj)- 
ical exposure of the Dakota formation in the bill on which the town stands. 
The valleys of the Arkansas, Pawnee and Ash creek at this place are eroded into 
the Dakota, and outcrops are found in many places on the margin of the bot- 
tom lands. Along the Pawnee the Dakota extends beyond the limits of the 
area here described, and along the Buckner for a distance of three miles beyond 
the confluence of the Saw Log with that stream. It is well exposed in the val- 
ley of the Saw Log and as far south and west as Duck creek. Opposite Hanston 
there is a good exposure of the shales and clays, intermingled with some sand- 
stone. The formation is fcir the most part covered with later deposits of sand, 
clay and gravel in the valley of the stream, so that its appearance on the surfac*e 
ifi confined largely to a strip bordering the creek bottoms. 

The Dakota formation is the lowest one exposed in this area. As the sIoikjs 
of the hills are ascended, or as we proceed up-stream, we find it superseded by 
the Benton. This formation is readily recognized by the character of its rocks 
and shales, as has already been described. The area over which it is found out- 
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croppinjf, as is shown on the map, Plate XXIV, is an irregular V-shaped figure, 
embracing the Dakota of the east and extending westward beyond Jet more for 
a distance of twelve miles, narrowing rapidly to the immediate valley of the 
Buckner. Its thin limestones, yellowish and bluish shales are easily recognized 
and distinguish it from the Dakota. A very prominent horizon of this forma- 
tion is the one which furnishes the post stones quarried around Jetmore. Before 
the Tertiary was laid down the Benton was eroded considerably so that its 
eastern edge is very thin. The Tertiary originally having a wider extent than 
the Benton is thus found in some ])laces to rest upon the Dakota, as is seen in 
the northern part of Edwards county, where the Benton area narrows to a 
point. In the valley of the Saw Log it can be seen from the mapping that the 
Benton is not represented between the Dakota and the Tertiary a short dis- 
tance south of the confluence of this stream with the Buckner. 

Above the Benton is found the Tertiary formation on the divide south of the 
Pawnee which extends within a few miles of the city of Garfield, being repre- 
sented there, however, only on the tops of the hills. It is found covering the di- 
vide southeast of Morena. Its extent to the west is interrupted by the valley of 
Saw Log creek. West of this creek it forms the high level ground of the divide 
south of Jetmore. On the north side of the Pawnee its formation is very limited, 
its extent being confined to the few irregular patches on the highest hills between 
the Walnut creek and the Pawnee, situated beyond the limits of the area here 
described in particular. North of the Jetmore it is found on the high lands 
which constitute the divide between the Buckner and the Pawnee Fork. In the 
western part of Hodgeman county, where the Benton narrows to a point along 
Buckner creek, the Tertiary is found approaching the immediate valley, so that 
it is the only formation represented on the head waters of that stream. The Ter- 
tiary formation consists, as already described, of sand and clay mixed with vary- 
ing quantities of gravel. Its base there is usually a rough stone rock varying 
considerably in character, being quite well cemented with calcareous material so 
as to form the rough limestone. Fragments of the Tertiary of sands and gravels 
and the worked-over clay are found on the slopes of the valleys everywhere along 
the small streams; but the area of the Tertiary, strictly speaking, is as mapped 
on Plate XXIV, and this debris belongs properly to Pleistocene deposits, formed 
by the action of the drainage water in the valleys of these streams. This may be 
spoken of as a Fluviatile deposit. It is most prominent in the level bottom lands. 
Its principal area is shown on the map as uncolored, but every small stream and 
draw contain it and a great many hillsides and slopes are covered by these sands 
and clays to a considerable depth, making it impossible to see the underlying for- 
mations, except where recent cuttings in the stream banks have exposed them. 

In the eastern portion of the Pawnee bottoms the width of this Fluviatile ma- 
terial is approximately six miles, embracing the area drained by the Saw Mill 
creek. This latter stream, although represented on the map as following in a 
distinct channel approximately parallel with the Pawnee, is in fact not well de- 
fined. It contains no water except in flood times, when its meandering course 
forms a network of shallow streams flowing into the Pawnee, or uniting to form 
a side channel to that stream at s<^me distance south of it. In many places these 
channels have the appearance of artificial ditches, their banks being raised con- 
siderably above the level bottom lands, and not infrequently the bottom of the 
ditches being higher than the level of the surrounding land. W^here the channel 
is most distinct it has cut deeply into the Fluviatile material, and often ponds 
of water remain standing in these deep holes for considerable time after the flood 
period. This is more particularly true where the branching network unites to 
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form a main channel. The thickness of the Fluviatile material alon^^ the Paw- 
nee river is approximately 40 feet in the eastern portion of the valley, this being 
the depth at which many of the wells can reach the so-called river gravel. As the 
area of the Fluviatile material narrows to the west, it maintains a considerable 
thickness in the immediate banks of the stream, as at Jetmore, where wells in 
the bottom reach water in sand at 32 feet. It becomes of little importance'west- 
ward at the limits of the Benton. 

A discussion of the water supply of this area depends upon a general knowl- 
edge of the geology of the area. As the character of the formations bear a direct 
relation to the conditions under which the water may be found, we may consider 
the subject under the following heads: 

First: — The water in the alluvial deposits in the creek bottoms and their 
smaller tributaries. 

This water supply is usually found in the sand and gravel, sometimes in Ciay. 
It is most abundant where the bottom lands are widest and the alluvial material 
thickens. On the hillsides it is confined to the imihediate beds of the^smaller 
draws or ravines and often amounts to only a seepage supply. The water is usu- 
ally good and along the creeks it is never failing. 

Second:- The water in the Dakota formation. 

This water supply is reached by wells which extend into the clays and sand- 
stones of the Dakota formation. The water is good and soft when reached at 
shallow depths. When the water is found in the porous sandstone, or the clay, 
it is usually abundant. When the well penetrates a hard sandstone which is 
well cemented, the water supply is often scant, although good. The deep wells 
in this formation often find mineral or salt water, especially in the eastern por- 
tion of the area. Many of the wells may be said to be artesian ; although not 
flowing out at the top the water that rises in them stands at a constant level^the 
year around. The mineral well at Larned flows. It, however, reaches a g^'^^ter 
depth than it is practicable to bore for fresh water. 

Third: — The water in the Benton. 

The water found in the Benton is usually limited in quantity, especially when 
found in shales, although frequently wells which are dug at the level of the lime- 
stone find strong veins of water. The water in the Benton is frequently contam- 
inated with mineral materials from the shales, so that it is rare that a well of 
water is found which is good for house use. 

Fourth: --The water in the Tertiary formation. 

This is, properly speaking, the principal water of western Kansas. It is usually 
found on the base of the Tertiary in sand or coarse sandstone, and not infre- 
quently it is found in clays. The supply is abundant. Where the area of the 
Tertiary is sufliciently great, the level of this water is indicated by the numerous 
springs which are found issuing from the Tertiary around the borders of that 
formation, as for example, along Spring Creek southwest of Jetmore. 

Fifth: —The water in the Dakota reached by deep wells which pass through 
other formations. 

Where the surface formation does not contain sufficient water, as for example 
in limited areas of the Tertiary, or where the water is not good, as over the area 
of the Benton, deep wells are frequently resorted to. These pass through the 
overlying formations and reach the water of the Dakota. Usually the water rises 
in the wells and stands at a constant level comparatively near the surface of the 
ground. This water, in general character, is the same as that discussed under 
the second head. 

Littlf' Walnut Creek Area. -The valley of the Little Walnut extends in the 
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southeast corner of Rush county to Great Bend. It widens rapidly towards the 
east. This valley is confluent with that of the Walnut. It is eroded for the 
most part in the Dakota formation which, consisting of sandstone and soft 
shales, has yielded readily to the action of the stream, and as a consequence the 
valley is broad and the bottom lands quite extensive. The Dakota is found out- 
croi)ping in a narrow area bordering the bottom lands ; but its presence under 
the alluvial material is shown by the records of the wells which reach it in many 
places. Toward the head of the Little Walnut the area narrows rapidly, it 
forms an irregular V-shaped area, which is in turn embraced by the Benton. 
The Benton forms the high lands of the divide. The section of the valley at 
its middle portion shows the valley of the stream eroded in the Dakota and on 
either sides, the Benton upon the hills. Near the head of the stream a section 
shows the entire valley eroded in the Benton, the presence of the Dakota below 
being revealed by the deep wells which pass through the overlying Benton. 

The Walnut Biver Valley,— The Walnut river valley, from the vicinity of Ness 
City where the north and south forks unite, to its junction with the Arkansas river 
near Great Bend, is eroded in the Benton formation. The valley is broad and quite 
regular. The stream has comparatively few tributaries which drain any consider- 
able area. The Tertiary formation, which is found only in limited outlying areas 
on the high plains and the divides north and south of the stream, is practically of 
no importance in the discusssion of the water supply. Near the mouth of the 
Walnut the Dakota is found on a narrow ridge of l^nd between the Cheyenne 
bottoms and the Walnut, and the eastern extension of the divide south of the 
Walnut is likewise composed of this formation. It has very limited outcrops, 
however, and the broad valley being filled with Fluviatile material, the surface 
appearance of the Dakota is not very important. Along the Walnut river we 
have mainly the Benton formation at the surface, A cross-section in the vicinity 
of Heizer would show the valley eroded in the Dakota, and filled in with a broad 
extent of Fluviatile material. A cross-section of the valley further west at Rush 
Center would show the valley eroded wholly in the Benton. The Dakota is found^ 
however, in deep wells, many reaching it in that vicinity. 

At Ness City the Dakota is found at a greater depth, since as we ascend the 
river we reach the higher horizons of the Benton. Here the wells which reach 
the Dakota are drilled to a considerable depth, as for example the Shepherd well, 
explained by Professor Haworth in preceding pages. 

The Fluviatile deposits in the valleys of the Walnut and its tributaries are of 
great importance, as furnishing the principal water supply of this area. The 
valley of the Walnut is filled in with sand and clays, having a substratum of 
gravel forja considerable width. The important tributaries of this stream on the 
south are Dry Walnut, Otter creek, and Old Maids' Fork; on the north, Sand 
creek, Alexander Dry creek, Bazine Dry creek, and Long's Branch. These like- 
wise have their valleys filled in with considerable deposits of Fluviatile material. 
The Tertiary, although as before stated is of little importance even on the divide^ 
has however contributed its debris to cover the Benton in the valleys. 

The Fluviatile deposits, although not very great on the slopes, are neverthe- 
less of great importance, es^KJcially in the valleys, as they are the water-bearing 
Wmations. The water supply along this valley may be discussed under the 
following heads : 

First, the water in the Fluviatile material ; second, the water in the Dakota ; 
third, the water in the Benton ; fourth, the water in the Dakota, reached by dee p 
wells which pass through the overlying formations: fifth, the water in the 
Tertiary. 
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Under this last head may be included only a few wells found on the high divide 
between the Pawnee and the Walnut. The Tertiary here is found in only a few 
irregular patches and usually is of not great enough extent to form a reservoir 
capable of supplying a large amount of water. There are many wells, however, 
which depend upon it for their supply. 

Under the head of the Fluviatile, the water supply of the city of La Crosse 
should be mentioned. Here we have a town located on a small stream, with the 
water found in the underflow of its immediate valley, which extends in a com- 
paratively narrow zone through the city. Wells dug on either side of this ex- 
tend into the Benton and fail to find water. 

^Vcss Cfhj to Dig/if on. — Ness City is situated approximately on the western 
border of the Benton area. The upper portion of the Benton consists of a thick 
bed of blue shales containing numerous concretions and Septaria. Immediately 
above this bed of shales we find the Niobrara. The base of this formation con- 
sists of white soft limestone, usually evenly bedded and found in thick strata, so 
that the contrast between the lower Niobrara and the upper portion of the Ben- 
ton is very decided. As we go west from Ness City we find a very decided step 
up from the Benton onto the Niobrara. This is occasioned in the following way: 
Where the Niobrara overlies the blue shale of the Benton, it forms a protecting 
cap which prevents its erosion. When this cap is removed, the shales are very 
readily cut away by the action of the water, so that there is a decided bluff left 
in which we have an exposure of the shales. This condition of things can be seen 
in the vicinity of Laird Station, where a typical exposure of these blue shales 
may be found. The Niobrara thickens to the west. It is in turn overlaid by the 
Tertiary which is found capping the hills north of the Walnut at Beelerville, as 
well as on the divide south of that town. The Niobrara has a very limited area, 
as is shown on the map. A long arm of it extends in the immediate valley of the 
South Walnut almost to Dighton. The exposure along the creek consists of white 
soft limestone, light bluish shales, and yellow chalky shales. It is readily dis- 
tinguished from the overlying Tertiary, which consists of clays mixed with sand 
and imperfectly consolidated sandstones. The high, level prairies are the areas 
where the Tertiary is found. 

The water supply of this area may be discussed under the following heads: 
First, the water in the Fluviatile material; second, the water in the Benton; third, 
the water in the Niobrara; fourth, the water in the Tertiary. 

The water in the Fluviatile material along streams is very important. The 
valleys of the streams are not very im])ortant except near the confluence of the 
North and South Walnut, where there is a considerable area of bottom land: but 
everywhere along them as well as along the smaller tributaries there is a constant 
supply of good water, which is reached in the many wells which are dug near them 
and in the draws which flow into them. 

The water in the Benton is practically of no importance, for where it is found 
in the shales it is usually contaminated with mineral and organic materials and 
unfit for use. The water supply in the Niobrara is very scant. The limestones 
with their intervening beds of light-blue, chalky shales do not carry a very 
abundant supply of water. Wells which are dug into this formation usually 
have a supply which depends upon the seepage through the porous rocks or occa- 
sionally they may strike a vein of water. 

The water in the Tertiary is, of course, the underflow^ water which is so char- 
acteristic of the level prairies further west. In this area we are considering only the 
eastern border of the Tertiary. Wherever limits of the Tertiary area are reached 
springs are found coming out from under the Tertiary in great abundance. 
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Some of them flow constant streams, but the most of the water seems to leak out 
around the borders of the formation, and finds its way immediately into the Plu- 
viatile material of the draws and creeks and forms their water supply. Many of 
the more important streams of this area have a small amount of water in dry 
weather, and by digging into the sand of their beds water will be found in great 
abundance. 

The water in the Tertiary is usually found in sand or clay. Sometimes, how- 
ever, the wells find water in what is properly called the yellow soapstone below 
the base of the Tertiary. This is the yellow, chalky shales of the Niobrara, into 
which the water from the Tertiary can penetrate a short distance. 

Big Timber Creek Area, — Big Timber creek is a tributary of the Smoky 
Hill river, having its headwaters west of McCracken. The divide between.it 
and the Walnut is situated near Big Timber creek so that the south slope of the 
hill is comparatively short. The divide between Big Timber and the Smoky Hill 
is low, the principal portion of the valley lying on the north side of the creek. 
The headwaters rise in a broken area in the eastern limits of the Tertiary and 
the Niobrara outcrop. The valley of the stream proper is eroded wholly in the 
Benton. Big Timber creek is supplied with a large quantity of water in flood 
times, but during the dry periods contains little or no water. Here we have a 
line of hills in which the Niobrara outcrops. This formation forms a protecting 
cap to a bed of blue shales which constitute the upper portion of the Benton. 
When the limestones of the Niobrara are removed by erosion, the bed of blue 
shales is quickly carried away, and hence we have the resulting step up in the 
level of the country. The Niobrara here is not very thick. It consists of white 
limestone, light blue shales and yellowish chalky shales, which may be readijy 
distinguished from the Benton. They are found outcropping on the brows of 
the hills and in the narrow canons. The Tertiary is found overlying the Niobrara. 
Its eastern limit is very irregular, but is approximately parallel to the eastern limit 
of the Niobrara, so that on the map we have the Niobrara in a narrow irregular 
strip extending from northeast to southwest. Along the eastern limits of the 
Tertiary we find springs which flow out from the base of that formation and 
supply the underflow in the alluvial deix>sits of the draws and small creeks 
which form the h'eadwaters of Bi^ Timber. On the level prairies around Brow- 
nell and Ransom,- which constitutes the top of the divide between the Smoky 
Hill river and the Walnut, the Tertiary area is represented. 

The water supply of the area drained by the Big Timber may be discussed 
under the following heads: 

First. The water in the Benton. This is never very abundant nor very good. 

Second. The water in the Niobrara. Grood, but never very abundant, since 
the character of the rock is such that it carries but little water. 

Third. The water in the Tertiary around the headwaters of the Big Timber. 
This supply is usually abundant and the water good, being the typical underflow 
of western Kansas. It is important where we reach the level uplands on the 
divide. 

Fourth. The water in the Fluviatile material is that which is depended on for 
that portion of the valley which is situated on the Benton area. 

There is a vast quantity of sand and clay deposited on the slopes of this valley, 
more particularly on the northern 8loi)e of the valley and on the divide between 
it and the Smoky, where the debris and worked-over material from the Tertiary 
forms a considerable surface covering in which water is found, the water being 
good and sweet. Wells which are dug into the Benton strike blue shale and 
some thin layers of limestone and the water is seldom good, since it is contarai- 
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Dated with mineral material and organic substances from the shales. The Da- 
kota formation nowhere outcrops in the area here discussed. Further to the 
east, as is shown on the map, the Dakota is found outcropping along the imme 
diate^ banks of the Smoky Hill river. It extends under the Benton and deep 
wells reach it in many places, so that those who have failed to find water in the 
Fluviatile material over the area of the Benton have occasionally sunk deep wells 
to the water found in the Dakota. 

Dighton and Ransom to State Line, — The area here described extends from 
the eastern margin of the Tertiary area westward to the state line. It constitutes 
the level prairie land of the divide between the Smoky Hill river and the Arkan- 
sas, the portion here described in particular being the strip embraced within the 
government towns 16, 17, 18, and 19. The western portion of this area is drained 
by the White Woman and its tributaries which flow into the Modoc basin. Bea- 
ver creek or Ladder creek, which is the tributary of the Smoky Hill river, bends 
southw^ard, crossing into town 17 for a portion of its course. Along the northern 
border of the area a number of short canons which are tributary to the Smoky 
Hill river cut into this area. The southern border of the area has no distinct 
drainage system. In the southeast corner of Scott county there is a small lake 
which receives its drainage water from a few short draws. The headwaters of 
the Pawnee Fork take their rise in the southeast portion of this area, extending 
into the southern portion of Lane county. The general topography of the coun- 
try is a gently undulating plain. The streams have usually a narrow valley with 
gently sloping banks. The tributaries of the Smoky Hill river have deep, rugged 
caiions and where the streams pass over the eastern border of the area, descend- 
ing from the Tertiary over the Niobrara, the valleys are deep and have strong 
bluff lines. 

The geology of this area is very simple. The surface formation is the Tertiary, 
which extends in even and comparatively thin sheets over the whole country. 
The eastern border is very irregular, as is shown by the mapping, and along the 
Smoky Hill river are numerous deep caiions. The underlying floor to the Tertiary 
is the Niobrara. This formation, which is seen bordering the Tertiary along the 
Smoky Hill and extending in an irregular band from the northeast to the south 
west along the eastern limits of the Tertiary, e:^tends westward' underneath the 
surface formation, evidences of its presence being nearly everywhere obtainable 
from reports of wells and occasional exposures on the surface. Following west- 
ward along tne branches of the Walnut, we find it outcropping on lower and lower 
ground along the banks of these streams. Its most westward exposure is just 
southeast of Dighton, where it appears in the bed of the south fork of the Wal- 
nut. It occasionally comes to the surface further west, as at the western side of 
Alkali lake, in the southeastern portion of Scott county ; on the White Woman, 
south of Coronado ; and at the state line where the White Woman enters Greeley 
county at the place known as the Wild Horse Corral. These areas are shown on 
the map. 

The Niobrara floor is comparatively regular. It, however, has, as is shown 
from a careful study of the localities in which it appears to the surface or is 
found in the wells, many irregularities, probably having in general the configu- 
ration of a gently undulating plain with occasionally bluff lines formed by pre- 
Tertiary erosion. Southeast of Scott City, a short distance east of the Modoc 
basin, wells reach the Niobrara at a depth of twenty or thirty feet. The Niobrara 
is not exposed in the immediate vicinity, the nearest place at which it is found 
being at Alkali lake. East of this locality, and north of it also, the wells reach 
a depth of from 90 to 100 feet before obtaining sheet water, and most of them do 
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not encounter the Niobrara at all. Modoc basin, which is a great depression 
in the plain's area, receiving the flood waters of the White Woman, is usually 
dry. Many farms are located around it. This depression is much lower than 
the area east of it, where the Niobrara comes within twenty or thirty feet of the 
surface. The wells dug around the basin do not reach the Niobrara, and some of 
them are 80 feet deep. It would thus seem that there is a rise in the Niobrara 
floor ^extending in a north and south direction from the eastern border of Modoc 
basin to the exposures of Alkali lake. This may be due to Tertiary erosion or, 
possibly, to a faulting of the formation. Along the valley of the White Woman 
wells occasionally reach the Niobrara, especially in the vicinity of the exposure 
south of Coronado. Further west, in Greeley county, there is apparently a sub- 
Tertiary ridge of the Niobrara which comes to the surface at the state line 
where the exposure is mapped. In the western portion of Greeley county, wells 
whichjextend^through the Tertiary encounter the Niobrara over a large area, 
the eastern limits of which are approximately at Horace. This area widens to 
the west, forming a triangular shaped area. 

Along Ladder creek there are no exposures of Niobrara, except near its con- 
fluence with the Smoky Hill. The bends to the south in this creek where it en- 
ters^ township 17 have banks of Tertiary with exposures of rough sandstone which 
belong to the mortar beds. The deep wells in the vicinity of the stream are from 
80 to 90 feet deep and do not reach the Niobrara. Along the Missouri Pacific 
railroad, from Pen Dennis to Utica, Ransom and Brownell there is an eastern ex- 
tension of the Tertiary, shown on the map, which is the level upland between the 
headwaters of the streams which flow into the Walnut to the south and the short 
caiion which flows into the Smoky Hill river. Near the borders of this area the 
Tertiary is comparatively thin, but in the central portion of it the wells are from 
65 to 85 feet deep, extending into the sheet water of the underflow, the exact 
thickness of the Tertiary not being determinable since the wells are dug no deeper 
than is required to obtain an abundant supply of water. There is practically no 
bottom land along the streams of the Tertiary area, but the immediate valley of 
the streams is filled in with sand and gravel, and in these deposits water can be 
be obtained at a very shallow depth, except in very dry times. Often places can 
be found where two spade lengths will reach water in the sands, especially along 
White Woman creek. The smaller draws are not so abundantly supplied with 
this concealed flow of water. 

The water which is obtained from wells over this area is almost wholly the 
sheet water or underflow supply of western Kansas. The depth at which it is 
obtained varies considerable. The average depth of shallow wells and those 
along the valleys of the streams is from 30 to 50 feet. The average depth of the 
deep wells, about 80 to 90 feet, the depth in all cases being relative to the level of 
the upper surface of the sheet water. The question as to whether the sheet water 
is at a constant level or not over the entire area, or as to whether it has a slight 
eastward flow, cannot be determined from the depth at which it is reached until 
a careful topographic survey of the country is made. 

The fact that the underflow water is not everywhere obtainable, even by dig- 
ging entirely through the Tertiary, is evidence of the unevenness of the sub- Terti- 
ary floor, and that there may be a division of the underground sheet^of water into 
a number of areas and having an eastern flow accommodating itself to the irregu- 
larities and elevations on the Niobrara sub-Tertiary floor. 

Around the borders of the Tertiary area there are numerous springs, some of 
which have a steady flow. These come from the base of the Tertiary and indi- 
cate the level of the sheet water. Such localities are found along the Hackberry 
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and Spring creek which are tributaries to the Pawnee, the various forks of the Wal- 
nut and their tributaries, the head waters of Big Timber Creek, and in the heads 
of the short caiions and large draws which flow into the Smoky Hill river. The 
leakage from the seep water, or underflow, into these streans is, as a usual thing, 
disguised by a surface covering of sand and gravel, through the base of which 
the water finds its way into the channels of the streams and the underflow in the 
sands and gravels of the stream beds. As we ascend the streams, more particu- 
larly the larger ones, when we approach the horizon of spring water, we find the 
Niobrara giving away to the Tertiary as we reach high valleys. 

In the streams below the locality of the springs there is frequently a constant, 
although limited, flow of water observable even in dry periods, especially where 
the Niobrara forms the bed of the stream and the deposits of sand and gravel in 
the bed are not sufficient to carry the water below the surface. Occasionally water 
is obtained over the Tertiary area in the Niobrara. It, however, is not an abun- 
dant source and the localities in which the wells depend upon it are near the bor- 
der of the Tertiary, or at places where the Tertiary outcrops at the surface, or is 
met with at very shallow depths. The character of the Niobrara is such that it 
carries very little water and, being practically impervious, forms a floor for the 
sheet water. The yellow, chalky shales which constitute a portion of the Nio- 
brara formation are, however, capable of absorbing quite a quantity of water. 
Where the irregularities in the surface of the Niobrara are found, wells occa- 
sionally reach the yellow, chalky shales before they have been dug to the level of 
the sheet water in surrounding areas. These shales being capable of absorbing 
and holding a small amount of water will be found to contain a supply of water 
probably from the sheet w^ater, and consequently wells which are described in 
popular language as having obtained their supply of water from yellow soap- 
stone belong to this class. 

In the western portion of Greeley county, where the Niobrara forms an under 
ground ridge, water is very difficult to find in abundance, and often where a well 
is supplied with even a small quantity, the character of the water is such that it 
is not very usable because of the mineral substances contained in it. It 
would seem that the Niobrara floor under this area rises so decidedly that 
the underflow of sheet water does not find its way over it, and in consequence the 
Tertiary formation, although being in general of the same character as in other 
places, does not contain a supply of water. Along the valley of the White Woman, 
however, there is a supply of water in the sands, gravels, and clays, which seem- 
ingly is brought by the drainage of the valley. 

The question of obtaining artesian w^ater, which would be expected to be found 
in the Dakota formation, by drilling very deep wells, is one which cannot be very 
fully discussed. Over this vast area there are no records of deep wells which show^ 
what thickness of tlie Niobrara formation is expected along the eastern border 
where it is very thin, due to pre-Tertiary erosion. It will be remembered that below 
the Niobrara is found the Benton formation, which does not contain a supply of 
usable water. If a deep well were dug in this western portion of this Tertiary 
area, it w-ould probably pass through, first, the Tertiary, then the Niobrara and 
then the Benton before reaching the Dakota. As no such wells have been dug, 
the thickness of these formations can only be estimated over this area from a 
knowledge of their average thickness where they are exposed individually. The 
section along the western state line shows the probable relation of the surface to 
the underlying Dakota. No topographical survey or line of levels haviiig been 
made, the section, of course, is only approximated. The artesian well at Cool- 
idge is a flowing well, but it will be observed that it occuj)ies a position on the 
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base of the section, and if the same water were reachtni by a well in Greeley 
county, it would come far short of rising to the surface. At Sheridan Lake, in 
eastern Colorado, a deep well was sunk to a depth of 1,300 feet and was reported 
not to have passed through the shales of the formations above the Dakota. It 
contained a small supply of water which was mineral in character inasmuch as 
it probably came from tha shales. 

The Oakley ^rew.— Under this head is described the water supply of the 
country around Oakley. The area, studied in particular, embraces the north- 
west corner of Gove county, the northeastern corner of Logan county, the 
southern portion of Thomas and the southwestern portion of Sheridan county. 
It embraces towns 10, 11 and 12, between ranges 29 and 35, inclusive. It is ap- 
proximately the divide between the south fork of the Solomon river and the 
Smoky Hill river. The upper portion of the Saline river flows in its northern 
portion from w^est to east, and in its southern portion are the various branches 
of the Hackberry creek and also some smaller tributaries of the Smoky Hill. 
The country is approximately a level plain. The valleys of the streams, except- 
ing the Saline, near the eastern portion of the area, are relatively unimportant. 
None of the streams flow except in rainy seasons. Along the southwestern por- 
tion of the area there is a decided line of bluffs which extend approximately 
parallel to the Smoky Hill river. They are nowhere abrupt, and are situated 
from four to six miles north of the stream. From there the slope is gradual 
down to the bottom lands. The level plains around Oakley are a portion of the 
Tertiary area of western Kansas, and the bluff line along the Smoky Hill river 
is the border of that formation where the river valley hzis cut through it down 
to the Niobrara. In the vicinity of Gove the Niobrara is also exposed along the 
Hackberry; but here there is not so decided a valley, and consequently no bluff 
line, as at Russell Springs. 

The Tertiary formation which lies above the Niobrara, and extending to the 
north forms the level prairies and consists of clay and sand, is a formation in 
which the wells find the sheet water at an average depth of about 100 fest. 

The water supply of the Oakley area is principally the sheet water found in 
the base of the Tertiary. There is, however, along the branches of the Hack- 
berry, in the vicinity of Gove City and in the Smoky Hill valley, southwest of the 
Oakley area, a considerable deposit of sand and clay mixed with gravel which is 
Tertiary in its origin and carries an underflow of water which is a source of sup- 
ply to shallow wells. The underflow along the Hackberry southeast of Gove 
City is very important, and its presence makes possible the raising of alfalfa on 
the bottom lands which have a natural sub-irrigation. At Grove City the average 
depth of wells in the southern part of the town is about 40 feet and the water which 
is obtained in them is of this character. The wells in the northern part of the 
town often strike the Niobrara without finding water, the covering of Fluviatile 
material not being sufficient to carry an underflow or lying so irregular that the 
underflow is drained away from the locality at which the well is sunken. Near 
the heads of the streams which drain the Oakley area, where the valley is eroded 
entirely in the Tertiary, there is practically no underflow in the Fluviatile de- 
posits, since they are so very limited and have no impervious substratum to pre- 
vent its sinking into the Tertiary. The underflow in the Fluviatile deposits is 
practically confined to areas where the Niobrara is found outcropping or has only 
a thin covering of worked over Tertiary material. 

Along the Saline river, beginning near the western margin of this area, the 
wells dug in the valley of the stream evidently reach the same level in order to 
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obtain the sheet water that they do on the upland. As we follow down the 
stream, the valley deepens and the depth of the wells in the valley decreases, so 
that at section 36, town 10, range 32, the woB dug by Mr. Anderson finds an 
abundant supply at 36 feet, this being probably the same in character as that at 
the state well, located a few miles southwest, at Oakley, in which the sheet water 
was first struck at about 100 feet. In the Saline, north of Grainfield, the bottom 
of the valley is eroded nearly down to the sheet water, as is shown by the presence 
of bogs and ponds. Along the Saline, east of the Oakley area, as here described in 
particular, the Niobrara, which is the floor on which the sheet water rests, is ex- 
posed in the southeast of section 22, town 10, range 27, northeast of Buffalo Park. 
At this place the Saline flows a constant stream of water, which undoubtedly has 
its source in the sheet water from the Tertiary. 
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Pumping Tests: 

By O. P. HOOD. 



A ])()itioii of the work laid out by the Board was the testing of 
various forms of j>uuii>s to ascertain their elliciency and general de- 
sirability for the labor expected of them. How best to do this was 
a matter to which the Board gave considerable thought. Separate 
tests and trials of each pump at the respective stations would in- 
volve a large expense, much inconvenience and probably prove un- 
satisfactory — one test being with difficulty compared with another 
on account of dissimilarity of conditions. Finally, Commissioners 
Tomblin and Sutton visiting the State Agricultural College to 
HI range for a lease to it of the Logan station. No. 5, in the spring of 
1S96, saw there in place machinery and appliances suitable for the 
work the Board desired to do, and suggested that the pump tests be 
carried on at thafplace under the charge of Prof. O. P. Hood. Ar- 
rangements were then and there concluded by which Professor Hood 
ti)ok charge of the pump tests for the Board. The Board furnished 
him with such machines and appliances as the college did not pos- 
si.vKs and were necessary to carry on the work, and the professor per- 
formed the experiments and made the report giren below without 
compensation. Under this arrangement, the Board purchased an 
hydraulic transmission dynamometer, made to order and costing 
f 237, which was supplemented by an ingenious device designed and 
cfmstructed by Professor Hood, and called a reciprocating dyna- 
mometer, and the Agricultural College furnished the other necessary 
machinery. Owing to delay in receipt of the instruments ordered, 
the work could not be commenced until the middle of September. 

I'rofessor Hood's experiments are in a new line, and will prove of 
very great value. The main expense having already been incurred, 
and the machinery and instruments on hand, it is to be hoped that 
the legislature will make the necessary appropriation for pursuing 
these investigations further. Professor Hood's report to the Board, 
is here given in full : 



To the State Board of Irrigation: 

Gentlemen — I have the honor to make the following report of the pump 
tests undertaken at the direction of the Board. 

What is the efficiency of the reciprocating pumps used in conection with 
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windmills for raising water? The following paper and record of tests is 
submitted as a partial answer to this question. 

It is proper to first inquire whether the absolute efficiency is a matter of 
sufficient importance to warrant careful measurement. By efficiency of a 
pump is meant that per tent, of that power which is delivered to the mechan- 
ism which is usefully returned by water lifted. So long as there are other re- 
sistances to overcome than that of simply lifting the water, the efficiency 
must be something less than 100 per cent. An English reference states that 
previous to 1851 no pump had been made whose efficiency was above 40 per 
cent.; that is, the remaining 60 per cent, of the power applied was wasted 
in overcoming other resistances than that of the desired lifting of water. 
The mechanical efficiency of a device, while important, is frequently of much 
less importance than other qualities, such as reliability of action, simplicity, 
ease and low cost of repairs, and reasonable flrst cost. If the cost of power 
is high, some of these desirable qualities may be sacrificed for increased effi- 
ciency, while with a low cost for power such a sacrifice would not be Justified. 
With windmill irrigation, however, another factor makes the efficiency of 
importance. Successful irrigation demands an absolutely reliable water- 
supply. If to an unreliable rainfall we add an unreliable supply of mechan- 
ically raised water, we have not succeeded. 

While some months of the year furnish ample wind power, the hot sum- 
mer months furnish an amount much below the average. It is in this season, 
when there is the greatest need of raising water, when the average winds are 
low. and the periods of rest of the windmill may be long, that it is of im- 
portance that what power is furnished by a mill be used to the greatest ad- 
vantage. 

If the more efficient device can be obtained without sacrificing other neces- 
sary qualities, it should be discovered and given preference. In the case of 
the reciprocating pump, the efficiency depends so largely on proportion of 
parts, design of valves, and piston speed, that considerable variation can be 
found in pumps of equal simplicity. It can be answered, therefore, that the 
mechanical efficiency of the pump is a matter of importance to irrigators. I 
have been unable to find published data available on this subject. Experi- 
ments and conclusions relative to jteam-driven reciprocating pumps are ob- 
tainable and are of service to designers. The small bucket pump has not 
heretofore been required in a position where the efficiency was of sufficient 
importance to warrant published experiments. 

To find the efficiency of a pump, it is necessary to know what force has 
been supplied to the pump, and the space through which it acts. 

It is also necessary to know how many pounds of water have been 
lifted, and the vertical height from the surface of the water in the well to 
the lip of the discharge opening. The following is a description of a plant 
erected by the mechanical department at the Kansas State Agricultural Col- 
lege for measuring these quantities. A rectangular pit 12x15 feet, walled 
and cemented, was available for a well. Forty feet above this a floor was 
placed carrying a line shaft driven by an engine. A Flather transmission 
hydraulic dynamometer acted as a counter-shaft between the line shaft and 
a vertically reciprocating crosshead carrying the pump rod. The dynamome- 
ter shaft carried a pinion which drove a gear carrying an adjustable crank- 
pin. The crank- pin drove the crosshead by a cbnnecting rod. The power 
transmitted through this dynamometer was recorded on a traveling card by 
a pencil whose position depended on the force transmitted by the belt This 
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made a permanent record possible of all the power furnished to the device by 
the belt It was believed to be desirable to check the results of this machine 
by a reciprocating dynamometer placed directly in the pump-rod. For this, a 
new device was designed. As a part of the pump-rod, a movable piston was 
placed, so connected that when the rod was in tension the piston was forced 
into its containing cylinder. In the cylinder, oil was placed. Oil being prac- 
tically incompressible, the piston would not move when the rod was subject 
to tension unless an outlet was provided for the compressed oil. The oil would 
be under a pressure corresponding to the tension of the rod. The oil was 
allowed to exert its pressure upon the piston of a Crosby steam-engine in- 
dicator, the movement of whose small piston was opposed by a spring of 
known resistance. The area of the dynamometer piston was five square 
Inches; that of the indicator, one-half a square inch. The maximum move- 
ment of the dynamometer piston was .04 of an inch, which represents the lost 
motion in the pump-rod. To enable this device to measure compression as 
well as tension in the pump-rod, it was necessary to supply an initial com- 
pression on the oil by means of a spring forcing the piston into the cylinder. 
The spring furnished an initial compression on the oil and the corresponding 
position of the indicator pencil represented zero stress on the pump-rod. Any 
tension in the rod was recorded by the raising of the pencil due to the greater 
compression of the oil, while any compression in the rod was recorded by a 
lowering of the pencil due to a reduction of the initial compression of the 
oil caused by the spring. The indicator drum carrying the record paper was 
given a reduced motion corresponding to the pump-rod. The record drawn 
by the indicator gave the stresses in the pump-rod at each part of the stroke 
and with no device using power between it and the pump. The record fur- 
nished by the Flather dynamometer gave the power necessary to run the 
machine itself, the two gears, crank-pin, connecting rod, and crosshead, to- 
gether with the pump. The record was retraced with the machine running 
at the same speed, but with the pump-rod removed. The difference between 
the two diagrams gave the work required to drive the pump and the friction 
of the machine due to the extra load of the pump. The record of this ma- 
chine was therefore always higher than that from the more direct dyna- 
mometer in the pump-rod by the amount of work necessary to overcome the 
friction due to the load of the pump. For this reason, all computations are 
from diagrams taken by the reciprocating dynamometer, the other being 
used as a check on any possible misbehavior oL the device in the pump-rod. 

Figure 1 shows a card taken from a 6-lnch cylinder, 14-inch stroke, making 
10 Btrokes per minute. The distance, A B, represents the stroke of the 
pump, 14 inches. Tlie tension on the pump-rod as it starts on the up stroke 
Is shown by a C. The distance of C D above the line a b shows the continued 
tension in the rod due to accelerating and lifting the column of water on 
the up stroke. At the beginning of the down strolie D B is drawn, and B A 
during the (completion of the down stroke. These lines all being above a b, 
shows the rod to be always in tension at this speed. From the area a C D b, 
the average height of the line C D can be obtained. This height, multiplied 
by the tension of the indicator spring, corresponding to one inch of vertical 
pencil movement, gives the average compression per square inch in the oil 
cylinder. This, multiplied by the area of the cylinder, gives the average ten- 
sion of the pump-rod. This average tension, acting through the length of 
stroke of the pump, gives the foot pounds of work delivered to the rod on 
the up stroke. The rod being in tension on the down stroke, tends to act as 
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a motor, and the work of the down stroke similarly found from the area 
a A B b must be taken from the work of the up stroke to find the actual work 
expended on the pump-rod for one up-and-down stroke. The maximum and 
minimum stress on the rod is shown by the diagrams and given in the tables. 
The instrument has proved sensitive to variations of stress in the pump-rod, 
showing the opening and closing of valves and fluctuations of stress due to 
impact of water, spring of pump-rod, etc. 

The pumps were suspended in the open well, usually in a position where 
the lower valve was a few inches below the water level. Up to a lift of 40 
feet, the conditions were exactly those of the usual open well. Pumps were 
tried at various lifts and various speeds until either the valves showed a 
failure to work or the initial stress on the up stroke seemed liable to break 
some of the machinery. The pumps so far tested were furnished by the 
builders or their agents. The following were asked to submit pumps for test: 
Mr. H. B. VanVoorhis. Topeka, Kas.; Crane Company, Kansas City, Mo.; 
IT. S. Water and Steam Supply Company, Kansas City, Mo.; Fairbanks, Morse 
& Co., Kansas City, Mo.; National Pump Company, Kansas City, Mo.: Mr. 
J. W. Aiton, Kingman, Kas.; English Supply Company, Kansas City. Mo.; 
Aermotor Company, Kansas City and Chicago; agent Stover Windmill Com- 
pany, Kansas City. 

All agreed to loan pumps for test except the last three firms. Only the 
first three sent pumps, as follows: Mr. H. B. VanVoorhis, of Topeka, an 8-inch 
cylinder, 10-inch stroke, of his own invention and built at the Topeka foundry. 
The U. S. Water and Steam Supply Company, a 4-inch common pump cylinder, 
an 8-lnch irrigation cylinder and a 3-inch deep-well cylinder. Crane Com- 
pany furnished 6-inch, 5-inch, 4-inch and 3-inch cylinders of the Frizell pat- 
tern. The method of test of all pumps was as follows: The pump was set 
w^ith the desired height of discharge pipe. The pump was run at the desired 
speed, 10 strokes per minute being the lowest obtainable, and varying by 
five up to the possible limit. At each rate of speed, two cards from the recip- 
rocating dynamometer were taken. To establish the zero line on the cards, 
the line was drawn by the indicator pencil with the pump-rod disconnected 
from the crosshead. After a series of cards had been taken, the pump waa 
again run at each of the various speeds, and the water lifted during 20, 30 or 
50 strokes delivered into a tank supported on a scale platform, and weighed. 
Two or more measurements of discharge at each speed were taken. The dis- 
charges at each height of lift .were plotted on rectangularly ruled paper, dis- 
charges as ordinates and speeds as abscissas. A smooth curve was drawn 
through these points eliminating the minor variations. Where these curves 
from various lifts coincided within a small per cent, the readings of the 
various curves were averaged at each speed, and a new curve plotted, which 
was taken to lepresont the true discharge at each speed. So far as tested, 
there seems to be no regular variation in discharge depending on the height 
of lift, hut a variation due to speed is plainly shown. 

The first pump tested was an S-inch pump of uncommon design by Mr. 
VanVoorhis, of Topeka. As shown by the accompanying drawing, Fig. 2, 
the pump consists of a cylinder of wrought pipe, the lower end being closed 
by a large leather clack valve. The lower valve-seat opening is 34% square 
inches, and 70 per cent, of the plunger area. Instead of the usual piston, a 
hollow plunger, turned on the outside, is used. The upper end of the plunger 
carries a leather clack valve covering a valve opening of 46.4 square inches, 
or 94 per cent, of the plunger area. The lower valve weighs .17 pounds per 
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square inch of valve seat opening, and the upper one .21 pounds. The plunger 
is packed on the outside by a packing leather secured to the top flange of the 
cylinder. The pump-rod is connected by a bale to the plunger, allowing the 
upper valve unobstructed movement within the bale. The accompanying 
tables, I and II, give the results of tests. To more clearly present this, Fig. 3 
shows the same data arranged graphically: 

In the plotted line, each small mark shows one measurement The dis- 
charge curve shows a great reduction in the amount of water delivered as 
the speed increases. This is due to the design of the valves. From the table, 
it will be seen that at 85 strokes per minute (a very high speed) 21 per cent. 
of the up stroke has finished before the upper valve has been able to close. 
During most of this time, water is slipping back through the two open valves. 
At this point, the ascending plunger is moving more rapidly than at the be- 
ginning of the stroke, and in meeting the downward flowing column of water 
a great stress is brought on the pump-rod, in this case 1,500 pounds, or over 
six times the average pull. On the down stroke, the lower valve fails to close 
until 37 per cent, of the stroke has flnished. The late closing of this form of 
valve at high speed is inseparable from its design. While it promises the 
largest valve-seat opening, other difficulties are met. A clack valve hinged 
at one side of a circular-valve opening must raise at its outer point some- 
what higher than the radius of the opening to have a discharge area about its 
circumference equal to the circular valve-seat opening. This means a com- 
paratively high lift and a corresponding long time to close. Opening into a 
pipe, the most restricted space may be the annular space between the edge of 
the valve and the wall of the pipe. The opening of the valve seat therefore may 
not be the true unobstructed valve opening. To make a quick closure and avoid 
slip of the water, the valve must have a low lift and be heavy. To work easy 
and obstruct the water as little as possible, the valve must be light and open 
wide. These two requirements are directly opposed to each other, and any de- 
sign must be a compromise between these two extremes. It will be noted that 
this pump was tested at higher speeds than any of the others. While the ham- 
mering of the valves did not appear serious, the jerk on the pump-rod became 
serious, and limited the practicable speed. Within the usual range of windmill 
speeds, the pump is more efficient than others tested at the low lift used. 
The efficiency remains above 50 per cent, up to a piston speed of about 80 
feet per minute, and could be increased on a longer stroke. This is an excel- 
lent record on so low a lift. Its simplicity, ease of repair and cheapness of 
construction recommend it. One reason why it can be run at rather higher 
speeds than usual is its rapidly falling discharge rate, requiring less useful 
work to be done per stroke. Another reason is the small resistance on the 
down stroke. The outside packing of the plunger is under slightly greater 
pressure on the inside on the down stroke, which relieves the leather from 
th'.^ plunger and greatly reduces friction. Figs. 4 and 5 show stress cards 
at 20 and 85 strokes per minute. 

The point A shows the closing of the upper valve. Point B is made at 
the lower valve closure. Such part of the diagram of Fig. 5 as is below the 
zero line shows compression in the rod. Experiments with the pump at 
other heights of lift have not been completed. 

Total weight of pump, 146 pounds. Weight of plunger, pump-rod, etc., 
101.5 pounds. Pump-rod of 1-inch pipe. 

Crane Company, of Kansas City, furnished cylinders known as the Frizell 
pump, in sizes of 3-inch, 4-inch, 5-inch, and 6-inch. The 4-inch and 6-inch 
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sizes have so far been tested. The design of sizes below 6-inch Is shown 
in Fig. 6. 

The cylinder consists oi a wrought-iron brass-lined tube. The suction 
valve is contained in a valve chamber screwed to the lower end of the cylin- 
der. The valve chamber contains a heavy disk valve guided by radial par- 
titions extending from the surrounding enlarged valve chamber. The disk 
is slightly smaller than the cylinder, allowing easy removal by hooking into 
the bale shown on Ihe top of the valve. The piston carries a butterfly valve. 
The dimensions of the 4-inch size are as follows: 

Cylinder diameter, 3.7.^ inches; valve-seat area in piston, 4.29 square inches: 
effective area when butterf y valves are wide open, 3 square inches, or 27.4 
per cent, of cylinder area; lower valve-seat area, 5^ to '6.2, depending on lift 
of valve; area of valve chamber openings per inch of valve lift, 9.85 inches; 
pump-rod, %-lnch pipe; weight of pump bucket, rod, etc., 39% pounds; 
weight of pump, 57i^ pounds.. 

This pump was set without any auction length, the surface of the water 
being slightly above the lower valve seat. The record of tests at six different 
lifts and speeds, from 10 to 55 per minute, is shown by tables III and IV, and 
graphically in Fig. 7. 

The efficiency of this pump Is quite constant at each speed tried, but in- 
creased with the height of lift. It is to be expected that with increased lift 
the proportion which the friction of the pump bears to the total work per- 
formed will decrease, thereby increasing the efficiency. To what extent this 
increase can be expected to continue is indicated in Fig. 8. 

The range of efficiency at each lift is plotted, and the curve joining these 
shows that no considerable increase in efficiency can be expected at higher 
lifts. The speed of this pump is limited by the action of the lower valve. At 
a piston speed of about 180 feet per minute, or about 50 strokes, the lower 
valve was raised above the valve chamber into the cylinder. Having left its 
seat so far, it frequently would not return until half the down stroke had been 
completed. When seating at this high velocity, a serious pounding was pro- 
duced. The discharge of this pump shows a slight increase per stroke up to 
a speed of 40 strokes, then a gradual decrease until serious pounding reduces 
the discharge an uncertain amount. This pump was used with a 4-inch dis- 
charge pipe. To test the effect of using this pump as a force pump, and also 
to test under higher pressures than the direct lift of 40 feet would furnish, 
the pump-rod was furnished with a turned portion fifty-five sixty-fourths of 
an inch in diameter, adapted to play in a stuffing box. The discharge pipe 
was capped with a tee, turning the water column horizontally. With a short 
pipe and ell, the column was brought upright and completed to a height com- 
parable with one of the previous tests. A stuffing box added to the tee for 
the pump-rod was packed so lightly as to allow a small leakage. Table V 
shows the results. The efficiency was reduced nearly a third at this lift owing 
to the stuffing box and two turns in the water column. To test under higher 
pressures, the 'discharge pipe was furnished with a connection to a large air 
chamber cairying a pressure gage, and the flow of water was restricted at 
the discharge height by a disk valve controlled by hand. The flow being 
restricted, a pressure of air in the air chamber was produced, simulating 
an hydraulic column corresponding in height to the pressure shown by the 
gage. By regulating the discharge, a very uniform pressure could be main- 
tained. In this way, tests at pressures corresponding to 47.37 feet and 70.5 
feet were made with results shown in table VI. If allowance is made for the 
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foot pounds of work absorbed by the stuffing box and elbows, the efficiencies 
will be increased about 15 per cent., raising them to about the efficiency 
shown at the 30-foot lift. 

The 6-inch pump of this make, shown in Fig. 9, while retaining the same 
style of suction valve and chamber, discards the valves in the piston. These 
are replaced by a series of small clack valves surrounding the cylinder and 
opening upward into an annular chamber inclosing the pump cylinder. 
Water drawn in through the suction valve is forced through the eight upper 
valves, on the down stroke of the piston, up into the surrounding chamber, 
and follows the piston on its downward motion. On the next up stroke, this 
water is lifted. The pump is remarkable for its high efficiency and for its 
sustained efficiency at higher speeds. So far as tested, the speed was limited 
only by the ability of the connections to stand the jar incident to the closing 
of the upper valves. At some higher speed, no doubt the lower valve would 
be drawn into the pump cylinder, as in the 4-inch size, and produce serious 
pounding. Fig. 1 and Fig. 10 show stress diagrams from this pump at a lift 
of 22.66 feet, and at speeds of 10 and 55 per minute. Fig. 11 shows the ex- 
periments plotted and the efficiency lines. Tables VII and VIII show the 
same data with the maximum and minimum stress on the rod. When the 
minimum stress is negative, it shows compression in the rod. The effi- 
ciency falls about 5 per cent, as the speed increases from 10 to 50 strokes. 
Fig. 12 shows the increase of efficiency with the lift. But little further in- 
crease can be expected at higher lifts. This curve would finally reach a max- 
imum, and then fall on account of increased friction in the pump. The dis- 
cbarge increases slightly up to 20 strokes, and falls thereafter. The pump 
had a 6-inch spiral riveted discharge pipe. The lower valve-seat opening 
varies from 2.66 inches to 15.36 square inches, or 59% per cent, of the cylinder 
area, depending on the lift of the conical part of the valve. The weight of 
the valve is about one pound per square inch of valve area. The cylinder 
diameter is 5.74 inches. The upper valve-seat area of eight small valves 
is 29.69 square Inches, or 3.82 Inches more than the cylinder area. The weight 
of the pump-rod, piston, etc., is 02 pounds; of the pump without rod, 270 
pounds. 

The U. S. Water and Steam Supply Company, of Kansas City, sent two 
cylinders made by the Mark Manufacturing Company, of Chicago. The pumps 
are very well made in every detail. The 4-inch pump, Fig. 13, Is fitted for a 
2-inch discharge pipe. 

The upper valve carried in the piston is a metal disk-valve of fixed lift. 
The valve-seat opening is 3.73 square inches, or 30 per cent, of the piston area. 
The lower valve is a metal wing-valve seating on a rubber ring. The valve 
opening is 2.26 square inches in the clear, with the greatest lift of valve of .54 
inch. This is 18 per cent, of the piston area. Owing to the relatively small 
discharge pipe, and consequent high velocity of water, the discharges for this 
pump increase beyond the piston displaced volume at speeds above 25 per 
minute at the lift of 25 feet. Beyond 40 strokes, the increase is quite marked, 
as shown in Fig. 14. The efficiency is shown In Fig. 15 as well as In the 
accompanying tables, IX and X. The stress card shown in Fig. 16 indicates 
the late closing of the lower valve, due to the upward current of water con- 
tinuing after the piston has started on the down stroke. The pump-rod, 
bucket, etc., weighed 37 pounds. The efficiency curve would fall less rapidly 
as the speed increases if supplied with a 4-inch discharge pipe. This would 
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make but little difference at the low speeds, but at the higher speeds is of im- 
portance to high efficiency. 

The 8-inch pump of this make, Fig. 17, gave the highest efficiency at slow 
speed of those tested, reaching above 85 per cent. The pump consists of a 
brass cylinder with brass disk valves and brass valve seats. The lower valve 
is leather-faced and limited in its lift by a cioss attached to a pendant spindle 
on the valve, the cross striking the under side of the valve seat at its limit of 
movement. The upper valve slides on a central spindle having a shoulder 
which limits the valve lift. The cylinder diameter is 8 inches. Lower valve- 
seat area when obstructed by the cross, 18 square inches, or 36 per cent of 
the piston area. Maximum lift, one and three-sixteenths inches. The area 
between the edge of the disk and the cylinder walls is 53 per cent of the 
cylinder area. The upper valve-seat area is 17.36 square inches, or 34.7 per 
cent, of the cylinder area. The lift of each valve is such as to make the 
circumferential discharge area slightly in excess of the valve-seat area. The 
discharge pipe was 6-iuch. As the velocity of discharge water was never high, 
an 8-inch discharge pipe would very slightly increase the efficiencies at the 
higher speeds. The pump is thoroughly well made in all respects, and very 
durable. The tests as shown in the tables, XI and XII and in Fig. 18, show a 
very high efficiency at piston speeds below 50 feet per minute, and falling to 
about 60 per cent, at piston speeds of 100 feet per minute. Fig. 19 shows a 
stress diagram at a speed of 30 strokes per minute. The closure of the upper 
valve is early and of the lower valve a little later in its stroke. 

The weight of the complete pump is 145^^ pounds; the weight of piston 
and pump-rod used was 67 ^^ pounds; the pump-rod was %-inch pipe; the 
lower valve weighs .27 pounds per square inch of valve-seat opening. 
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TABLE I. YanVoorhis 8-inch pump. Stroke, 10.02 inches. 
Lift, 4.875 feet. 



Speed. 


Dis- 
charge in 
pounds 

per 
stroke. 


Foot 
pounds 

of 
useful 
work. 


Average 
pull on 
rod in 

pounds. 


Foot 
I>ound8 

work 
given to 

rod. 


Mechan- 
ical effi- 
ciency, 
per cent. 


Max. 

tension 
on the 

rod, 
X>ounds. 


Min. 
tension 
on the 

rod, 
pounds. 


Stroke 
finished 

at 

closure 

of the 

upper 

valve, % 


Stroke 
finished 

at 

closure 

of the 

lower 

valve, % 


8 


17.65 
17.65 
14.85 
14.30 
14.30 
12.80 
12.80 
12.80 
12.80 


86.04 
86.04 
72.39 
69.71 
69.71 
62.40 
62.40 
62.40 
62.40 


180.00 
125.50 
140.95 
147.65 
151.00 
158.30 
156.65 
155.30 
157.70 


108.55 
104.79 
117.68 
123.28 
126.00 
i:«2.18 
131.63 
129 67 
131.69 


79.20 
82.10 
62.00 
56.00 
55.30 
47.20 
47 40 
48.20 
47. 1« 


235 


+85 






8 






35 






4 
5 
5 
11 
11 
11 
11 


12 


40 

40 


515 


-1-20 


16 
16 


64 

54 


780 


-50 


21 
21 


54 






21 


54 


675 


-:^ 


21 



Lift, 5.166 feet. 



15 


17.05 
16.95 
16,85 
16.50 
16.20 
15.85 
15.50 
14.75 
14.75 
14.00 
13.90 
13.65 
13.90 
13.35 
12.80 
12.80 
12.35 
11.60 
11.05 
10.55 
10.50 
10.40 
10.00 


88.09 
87.57 
86.96 
85.25 
8:3.70 
81,89 
80.08 
76.20 
76.20 
72.33 
71.81 
70.52 
71.81 
68.97 
66.13 
66.13 
63.81 
59.93 
55.25 
54.51 
54.24 
53.73 
50.00 


154.30 
150.80 
148.65 
150.00 
145.70 
153.30 
150.00 
150.00 
151.30 
167.75 
147.65 
154.30 
147.65 
150.00 

153. :w 

153.30 
164.04 
179.46 
194.32 
285.30 
226.16 
264.12 
283.72 


.128.84 
125.90 
124.12 
125.25 
121.66 
128.00 
125.25 
125.25 
126.3:3 
140.07 
12:3.28 
128.67 
123.28 
125.25 
128.00 
128.00 
i:36.89 
149.84 
162.25 
238.22 
188.64 

2->o.;37 

2:36.90 


67.60 
69.55 
70.00 
68.00 
68.80 
63.97 
63.92 
60.80 
60.30 
51.60 
58.20 
54.80 
58.20 
55.00 
51.60 
51.60 
46.60 
40.00 
:34.00 
22.80 
27.80 
24.70 
21.10 








2 


16 








8 


17 








5 


20 

23 

26 


285 
280 


40 
50 


.6 
.9 
2 
4 
4 
6 
6 
7 
5 
5 

10 
10 
12 
12 
17 
20 
21 
20 
22 


6 
6 
9 


29 






11 


36 

38 


490 





15 
15 


43 

43+... 


560 





16 
17 


46!^::: 

43+... 


575 


15 


19 
17 


49 






20 


54 

54 


650 





21 
22 


58 

65 


876 

600 

1,200 


-72 



-75 


22 


72 

84 


27 


85 

90 


1,500 
1,200 
1,560 


-150 
-160 
-l:i5 


37 


100 





TABLE II.— YanVoorhis 8-inch pump. Stroke, 10.02 inches. 
Dtscharge. 



Speed. 



10 
15 

20 
25 
30 
35 
40 
45 
47 
50 
W 
60 
65 
68 
70 
75 
80, 
S5 



Discharge 

in pounds 

in 20 

strokes. 



348.5 

344.5 

332 

:315 

301 

296 

289 

2M 

ST.i 

262 

249 

244 

227 

2-^0 

222 

221.5 

21 :3 

215.5 



Discharge 
in pounds 

in 20 
strokes. 



348.5 

346 

.^28 

315.5 

296 

294 

290 

291 



259.5 

25;J 

241.5 

2:i5 

238 

219.5 

220 

215 

208.5 



Plotted aver- 
age; dis- 
charge per 
stroke, lbs. 



17.55 
17.05 
16.50 
15.97 
15.42 
14.85 
14.:30 
13.77 
13.55 
13.:35 
12.80 
12.:35 
11.60 
11.35 
11.05 
10.90 
10.67 
10.55 
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TABLE III. 



Frizell 4-inch pump. 

DlBCHARGB. 



Stroke, 23.7 inches. 



Speed. 


Discharfre 
in lbs. for 
50 strokei*. 
Lift. 24.3 ft. 


Dischar^ 

in lbs. for 

50 strokes. 

Lift, 24.8 ft. 


Discharge 

in lbs. for 

50 strokes. 

Lift, 37.8 ft. 


Discharge 

in lbs. for 

30 strokes. 

Lift, 12.75 ft. 


Discharge 
in lbs. for 
30 strokes. 
Lift, 6.54 ft. 


Plotted 

average 

discharge 

per stroke. 


10 




45m 

4!)7H 

463H 

464 

464 V4 

464 

mh^ 

46:^Vi 

469 

465 

468 

46:^H 

466^, 

466 y, 

462H 

465 

449»4 


462 

465 

466 

468 

467 

468 

467 

467Vi 

467 

467 

468 

466H 

466 

467 

4674 

467H 

443 


275V4 

m% 

275H 

275V4 

278 

278 

278V4 

278y, 

279H 

279«/, 

219% 

281 

281 

280V4 

280i4 

280 

277V4 

279 

171 


274 
274 
277 

278V4 

281 

281H 

280 

280 

279 

280 

281 

280V4 

284 

280 

280 

282 

279 

279 

25:^ 

267 


9.168 


10 






15 


460 


9.2592 


15 




20 


465 


9.2r24 


20 




25 


467 


9.3102 


25 




30 


466 


9.3272 


30 




35 


472 


9.34 


35 




40 

40 


467 


9.S54« 


45 


467 


9.3328 


45 




50 




9.2546 


50 






55 










55 











TABLE IV. Frizell 4-inch pump. Stroke, 23.7 inches. 
Lift, 6.54 feet. 



Speed. 


Dis- 
charge in 
pounds 

per 
stroke. 


Foot 

pounds 

of useful 

work. 


Average 
pull on 
rod, in 

pouuds. 


Foot 
pounds 
of work 
given to 

rod. 


Mechan- 
ical effi- 
ciency, 
per cent. 


Max. 
tension 
on rod, 
pounds. 


Min. 
tension 
on rod, 
pounds. 


10 


9.168 

9.168 

9.2r)92 

9.2592 

9.2724 

9.27'24 

9.31 

9.31 

9.;J27 

9.:j27 

9.34 

9.34 

9.35 

9.a'i 

9.:« 

9.25 
9.25 
8.66 
8.66 


59.96 
59.i)6 
60.56 
60.56 
60.64 
6(1.64 
60.89 
60. H9 
61.00 
61.00 
61.08 
61.08 
61.18 
61.18 
61.04 
61.04 
60.53 
60.53 
56.68 
56.t>S 


79.:« 
79.99 
79.15 
78.96 
84.31 
8;^. 75 
77.91 
76.04 
76.66 
77.91 
75.82 
77.08 
75.00 
75.00 
76.23 
76.65 
75.82 
78.75 
75.82 
75.41 


156.77 
158.01 
156. :« 
155.94 
161.51 
165.41 
15:3.81 
150.18 
151.40 
15:i.87 
149.74 
152.23 
148.11 
148.11 
150.55 

151. :« 

149.74 
155.50 
149.44 
148.90 


38.2 
37.9 
38.7 
38.8 
36.4 
36.6 
89.6 
40.5 
40.2 
39.9 
40.7 
40.0 
41.2 
41.2 
40.5 
40.3 
40.4 
39.9 
37.8 
38.0 


120 


33 


10 




15 






15 






20 


135 


9 


20 




25 






25 






30 


177 


9 


30 




85 






a5 


195 
201 


6 


40 


—15 


40 




45 

45 


253.5 


-30 


50 


249 


—24 


50 




55 


222 


—30 


55 
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Lift, 12.75 feet. 



■ - •- — — 

Speed. 


Dis- 

charsre in 

pounds 

per 
stroke. 


Foot 

pounds 

of useful 

work. 


Averafire 
pull on 
rod, in 

pounds. 


Foot 

pounds 

of work 

ffiven 

to rod. 


Mechan- 
ical effi- 
ciency, 
per cent. 


Max. 

tension 
on rod, 
pounds. 


Min. 
tension 
on rod, 
pounds. 


10 


9.168 
9.168 
9.260 
9.260 
9.Z70 
9.270 
9.310 
9.310 

9.:«7 

9.327 
9.840 
9.340 
9.3.50 
9.350 
9.330 
9.3:^0 
9.250 
9.250 
5.700 


116.89 
116.89 
118.05 
118.05 
118.22 
118.22 
118.70 
118.70 
118.91 
118.91 
119. (»8 
119.08 
119.17 
119.17 
118.99 
ll».ft9 
117.99 
117.99 
72.67 


89.6;^ 
87.07 
94.90 
98.20 
97.17 
95.77 
97.22 
96.60 
94.63 
97.80 
95.22 
96.45 
109.85 
100.70 
99.57 
101.40 
95.77 
96.90 
99.:^ 


177.00 
171.97 
187.43 
193.11 
191.91 
189.24 
192.00 
190.78 
186.^8 
184 82 
188.09 
190.78 
216.95 
198.88 
196.66 
200.26 
189.24 
191. M 
196.11 


66 
68 
6:i 
61 
61 
62 
62 
62 
63 

6:^ 

63 
6:) 
.54 
59 
60 
59 
62 
62 






10 






15 






15 






20 






20 






25 


175 


30 


25 




30 






30 






35 






35 


250 


11 5 


40 




40 


825' 




45 


—11.5 


45 




50 


350 


—95 


50 




55 


im 


* -75.6 







Lift, 24.8 feet. 










Speed. 


Dis- 

charf^e in 

pounds 

per 
stroke. 


Foot 

pounds 

of useful 

work. 


Avorapre 
pull on 
rod, in 
pounds. 


Foot 
pounds 
of work 
ffiven to 

rod. 


Mechan- 
ical effi- 
ciency, 
per cent. 


Max. 
tension 
on rod, 
pounds. 


Min. 
tension 
on rod, 
pounds. 


10 


9.168 
9.168 
9.260 
9.260 
9.270 
9.270 
9.310 
9.310 
9.327 

9.:«7 

9.:i40 

9.:^ 

9.350 

9.:m 
9.3:i0 

fl.250 


227. :« 
227.36 
229.65 
229.65 
2-;i9.89 
229 89 
2;«).89 
230.89 
231.11 

2:n.ii 
2:^1.6:3 

231.6.3 

231 88 
2.S1.8W 
231. :38 
231. :« 
229.40 . 


149.28 
147.48 
161.28 
1.55.01 
1.5.5. 8i 
156.66 
156.66 
151.14 
154.14 
152.46 
154.14 
162.48 
157. 59 
158.73 
161.10 
158.73 
1.53.tt9 


294.82 
291.27 
377.69 
306.06 
307.74 
309.40 
309.40 
aJ4.34 
304. :32 
«)1.10 
:«4.42 
319.2:3 
311.21 
312.65 
319.00 
312.65 
:304.13 


77.1 

78.0 

r2.8 

75.3 
74.7 
74.3 
74.6 
75.8 
75.8 
76.7 
76.8 
72.5 
74.4 
74.1 
72.5 
74.0 
75.4 






10 






15 






15 






20 






20 






25 






25 






30 


348 


—36 


30 




35 






35 






40 


398 


—24 


40 




45 


471 


—36 


45 




BO 





Lift, 30.75 feet. 



Speed. 


Dis- 
charge in 
pounds 

per 
stroke. 


Foot 

pounds 

of useful 

work. 


Average 
pull on 
rod, in 

()Ounds. 


Foot 
pounds 
of work 

given 
to rod. 


Mechan- 
ical offi. 
ciency, 
per cent. 


Max. 

tension 
on rod, 
pounds. 


Min. 
tension 
on rod, 
pounds. 


10 + 


9.168 

9.16>< 

9.168 

9.168 

9.26 

9.26 

9.27 

9.27 

9.31 

9.31 

9.327 

9.327 

9.34 

9.:34 

9.a5 

9.:35 

9.33 

9.33 

9.25 


2^0.89 
2M).89 
2^0.8U 
2^0.89 
284.72 
281.72 
2>5.12 
285.12 
2.S6.29 
2H6 29 
28rt,81 
286.81 
287.20 
287.20 
2M7.65 
287.65 
2.^.98 
286.98 
284.58 


176.45 
175.05 
17^.00 
167.60 
17G 55 
176.55 
179.25 
181.15 
180 65 
1M.85 
180.15 
177.35 
190.15 
185.90 
197.45 
198.60 
199.70 
193.25 
188.70 


:348..50 
845.70 
347.80 
:3:31 .00 
348.70 
348.70 
354.00 
3.57. 8(J 
366.80 
365.10 
3.55.80 
350. :30 
375.60 
:367.20 
390.00 
392.20 
:394.40 
:381.70 
372.70 


80.5 
81.2 
80.7 
84.8 
81.6 
81.6 
80.5 
79.3 
80.2 
78.1 
80.6 
81.8 
76.4 
78.2 
73.7 
73.3 
72.7 
75.1 
76.3 


250 


15 


10 + 




10 


240 


40 


10 




15 






15 






20 


280 


40 


20 




25 






25 






30 


370 





30 




35 


425 





35 




40 


490 


—25 


40 




45 


540 


—5 


45 




80 


590 


-i25 
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Speed. 


Dis- 
charge in 
pounds 

per 
stroke. 


Foot 

pounds 

of useful 

work. 


Average 
pull on 
rod, in 

pounds. 


Foot 
pounds 
of work 
given to 

rod. 


Mechan- 
ical effi- 
ciency. 


Max. 
tension 
on rod, 
pounds. 


Min. 
tenition 
on rod, 
pounds. 


10 


9.168 
9.168 
9.260 
9.260 
9.270 
9.270 
9.310 
9.310 
9.327 
9.:?27 
9.340 
9.:«0 

9.:m 

9.3riO 
9.3:J0 
9.330 
9.2.50 
9.2.W 
5.700 
5.700 
5.4:«) 
5.4:« 


172.36 
172.36 
174.07 
174.07 
174.32 
174.32 
175.0:J 
175. (W 
175.35 
175.3.5 
175.. 59 
175.. 59 
175.86 
175. S6 
175.45 
175.45 
173.98 
173.98 
107.16 
107.16 

un.u 

102.14 


126.75 
120.83 
Ki5.21 
]:^..50 
l:«.05 
i:«.89 
148. :« 
142.8:3 
189.47 
i:«.47 
141.90 
145.32 
146.64 
151.68 
150.42 
1:^8.57 
154.62 
1.51.26 
150.42 
156.:flJ 
159.72 
156. :« 


250. 3:^ 
2:37.65 
267.04 
263.66 
274.62 
270.35 
292.93 
282.09 
275.45 
275.45 
280.25 
2X7.00 
289.61 
299.56 
297.08 
278.67 
:«)5.37 
299.49 
297.08 
:«)8.75 
315. :)6 
308.75 


09 
72 
65 
69 
63 
64 
60 
62 
63 
63 
64 
61 
61 
58 
59 
63 
56 
58 
36 

32 
33 


180 


38 


10 




15 






15 






20 






20 






25 : 

25 


240 


24 


30 






80 






35 


288 


3 


sa 




40 


336 


6 


40 




45 


360 


—9 


45 




50 


405 


—30 


50 




55 


450 


—120 


55 




58 


450 


—120 


58 





Lift, 37.6 feet. 



Speed. 


Dis- 
charge in 
pounds 

per 
stroke. 


Foot 

pounds 

of useful 

work. 


Average 
pull on 
rod, in 

pounds. 


Foot 
pounds 
of work 
given to 

rod. 


Mechan- 
ical effi- 
ciency, 
per cent. 


Max. 
tension 
on rod, 
pounds. 


Min. 
tension 
on rod, 
pounds. 


10 


9.168 

9.168 

9.26 

9.26 

9.27 

9.27 

9.31 

9.31 

9.327 

9.327 

9.34 

9.34 

.9.:« 

9.33 
9.33 


344.61 
344.61 
348.14 
348.14 
348.64 
:U8.64 
350 06 
3.5U.06 
350.70 
a50.70 
:i51.18 
;351.18 
:i51.73 
3,50.91 
3.50.91 


208.32 
208. :32 
2i3.:w 

211.56 
214.98 
220.74 
220.74 
218.94 
224.16 
225.18 
224. :i4 
231.00 
2:31.66 
229.56 

2:m.30 


411. :« 
411.35 
421.26 
417.84 
424.. 58 
435.93 
435.93 
4:32.40 
442.70 
444.73 
443.07 
456.22 
457. :36 
453. :38 
462.89 


83 
83 

82 

83 

82 

80 

80 

81 

79.4 

78 

79 

77 

76 

77 

75 






10 






15 


275 


50 


15 




20 






20 






25 


360 


86 


25 




80 






30 

85 


■"* iio' 


6 


35 




40 






48 






48 







TABLE V. 



Frizell 4-inch pump. Stroke, 23.7 inches. Used as a force-pump with a stuffing-box. 
Lift, 24.3 feet. 



Speed. 


Dis- 
charge in 
pounds 

per 
stroke. 


Foot 
p>ounds 
of useful 

wo»k. 


Average 
pull on 
rod, in 

pounds. 


Foot 
pounds 
of work 
given to 

rod. 


Mechani- 
cal effi- 
ciency, 
percent. 


Max. 
tension 
on rod, 
pounds. 


Min. 
tension 
on rod, 
pounds. 


10 


9.168 
9.168 
9.260 
9.260 
9.270 
9.270 
9.310 
9.310 
9.327 
9.327 
9.340 
9.340 
9.a50 
9.:350 
9.330 
9.330 


222.48 
222.48 
225.02 
225.02 
225.26 
225.26 
228.32 
226.32 
226.60 
226.60 
227.12 
227.12 
229.55 
229.55 
224.69 
224.69 


221.08 
225.. 52 
223:32 
218.88 
217.76 
218.88 
211.08 
217.76 
217.56 
216.60 
221.08 
220.96 
217.68 
215.44 
215.44 
213.44 


4:36.63 
445.40 
441.06 
4:32.28 
430.07 
432.28 
416 88 
4:30.07 
429.56 
427.78 
4:36.63 
448.56 
449.08 
425.47 
425.47 
4:31.82 


51.2 

50. 

53.2 

54.4 

52.3 

52.1 

54.2 

52.6 

52.0 

52.9 

52.1 

50.6 

51.1 

53.9 

52.8 

52.3 


280 


24 


10 




15 






15 






20 






20 






25 

25 


308 


-32 


30 


376 


—412 


30 




35 






35 






40 






40 






45 


520 


—88 


45 
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TABLE VI. Frizell 4-inch pump. Stroke, 23.7 inches. Used as a force pump and delivering 
water against air pressure equivalent to the lift noted. 

LiTT, 47.37 FEET. 



Speed. 


Dis- 
charge in 
I>ound8 

per 
stroke. 


Foot 

pounds 

of useful 

work. 


Average 
pull on 
rod, in 

pounds. 


Foot 
pounds 
of work 
given to 

rod. 


Mechan- 
ical effi- 
ciency, 
percent. 


Max. 
tension 
on rod, 
pounds. 


Min. 
tension 
on rod, 
pounds. 


10 


9.168 

9.168 

9.26 

9.26 

9.27 

9.27 

9.31 

9.31 

9.327 

9.327 

9.M 

9.34 

9.35 

9.35 

9.33 

9.33 


434.29 
434.29 
438.60 
438.60 
439.21 

4:^.21 

441.01 
441.01 
441.82 
441.82 
442.44 
442.44 
442.00 
442.90 
441.96 
4(1.96 


348.60 
369.60 
376.20 
360.30 
361.32 
360.00 
366.66 
360.00 
378.30 
38:^.58 
380.33 
:^80.00 
:i85.44 
38r).32 
402.24 
413.32 


695.78 
729.96 
734.66 
711.59 
713.61 
711.00 
724.16 
711.00 
747.14 
757.48 
751.15 
750.50 
761.23 
761. OJ 
794.34 
816.30 


62.4 
59.4 
59.7 
61.6 
61.5 
81.7 
60.9 
62.0 
59.1 
58.3 
589 
58.9 
58.1 
58.2 
56.9 
54.1 






10 






15 






15 






20 






20 


444 


—18 


25 




25 






30 






30 






35 

35 


636 


-108 


40 






40 






45 


756 


—90 


45 





Lift, 70.5 fekt. 



Speed. 


Dis- 
charge in 
pounds 

per 
stroke. 


Foot 

pounds 

of useful 

work. 


Average 
pull on 
rod, in 
pounds. 


Foot 
pounds 
of work 
given to 

rod. 


Mechan- 
ical effi- 
ciency, 
percent. 


Max. 
tension 
on rod, 
pounds. 


Min. 
tension 
on rod, 
pounds. 


10 


9.18K 

9.168 

9.26 

9.26 

9.27 

9.27 

9.31 

9.31 

9.327 

9.327 

9.34 

9.34 

9.35 

9.35 

9.:« 

9.33 


646.34 
646.34 
652. 8:^ 
652.83 
653.54 
658.54 
656.36 
656.36 
657.55 
657.55 
«>8.47 
658.47 
659.18 
659.18 
6.')7.77 
657.77 


495.75 
510.00 
515.:« 
514 50 
508. ;« 
513.22 
5:^6.25 
5:«.15 
532.13 
527.85 
521. 5:J 
515.3:3 
5:32.13 
516.66 
525.60 
525.60 


895.77 
1007.00 
1101.11 
1016.22 
1003.90 
1013.62 
1059.09 
1064.96 
1050.95 
1042.50 
l(m.02 
1101.11 
1050.96 
1020.32 
1038.06 
1038.06 


72.1 
64.5 
59.2 
64.2 
65.0 
64.4 
61.9 
62.2 
62.5 
63.0 
63.8 
59.8 
62.7 
64.6 
63.3 
63.3 






10 






15 






15 






20 






20 






25 






25 






30 






ao 






35 


780 


—75 


35 




40 






40 


825 


—165 


45 




45.! 







TABLE VII. Discharge of Frizell 6-inch pump. 



Speed. 



10. 
10. 
15. 
15. 
20. 
20. 
25. 
25. 
30. 
30. 
35. 
35. 
40. 
40. 
45. 
45. 
50. 
50. 
50. 
55. 
55. 
60. 
60. 



Discharge in 
30 strokes, 
lift 7.66 feet. 



378 
377 
377 
379 
377 
878H 



375 

379 

374 

371 

379 

375^. 

374 

373 

377^-378 

380 -379 

371H-374 

363 

371 -370 

372 

.371 -371 



Discharge 

in 30 

strokes, lift 

12.66 foet. 



367 



371 

an 

373H 

372y, 

370 

370 

3664 

:i69 

371 

365 

:i70 

3651/4 

365 Vi 

367 

:372 

364 



364 
359 
361 
357 



Discharge 

in 30 
strokes, lift 
. 32.75 feet. 



377 

378 
380 
383 V4 
3814 



382 

376 

3774 

3744 

379 

:3744 

376 

373 

3704 

369 



Plotted av- 
erages, 
per stroke. 



12.50 



12.56 
12.57' 



12.55 
"i2!52' 



12.47 



12.40 
'i2'.36' 



12.30 



12.22 
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TABLE VIII. Frizell d-inch pump. Stroke, 14.112 inches. 
Lift, 7.86 feet. 



Speed. 


Dis- 
charge in 
pounds 

per 
stroke. 


Foot 

pounds 

of useful 

work. 


Average 
pull on 
rod, in 
pounds. 


Foot 
pounds 
of work 
given to 

rod. 


Mechan- 
ical effi- 
ciency, 
percent. 


Max. 
tension 
on rod, 
pounds. 


Min. 
tension 
on rod, 
pounds. 


10 


12. 5C 
12.50 
12.56 
12.56 
12.57 
12;.%7 
12.55 
12.55 
12.. 52 
12.52 
12.47 
12.47 
12.44 
12.44 
12.40 
12.40 
12.36 
12.36 
12. :w 
12.:30 
12.22 
12.22 


95.75 
95.75 
96.21 
96.21 
96.28 
96.28 
96.13 
96.13 
95.90 
95.90 
95.52 
95.52 
95.29 
95.29 
94.98 
94.98 
94.68 
94.68 
94.22 
94.22 
93.60 
93.60 


106.37 
111.70 
124.45 
127.65 
124.45 
12:^.40 
122.35 
122 b8 
12:J.40 
121. :« 
121. :« 
125. 5:^ 
125.. 53 
125.. 53 
125.53 
124.45 
126..56 
128.16 
128.16 
128.16 
128.16 
129.26 


124.11 
131.36 
146.35 
150.12 
146. a5 
145.12 
143.88 
144.50 
145.12 
142.65 
142.65 
147.61 
147.61 
147.61 
147.61 
146.35 
148.84 
1.50.72 
150.72 
150.72 
150.72 
152.00 


77.1 
72.8 
66.4 
64.1 
65.7 
66.3 
66.8 
66.5 
66.0 
67.2 
66.9 
64.7 
64.5 
64.5 
64.3 
64.9 
68.6 
62.8 
62.5 
62.5 
62.1 
61.5 






10 






15 






15 






20 






20 






25 






25 






30 






30 




35 






35 






40 






40 






45 






45 






50 


800 


-4S) 


60 




55 






55 






60 






60 







Lift, :<2.75 feet. 



Speed. 


Dis- 
charge in 
pounds 

per 
stroke. 


Foot 

pounds 

of useful 

work. 


Average 
pull on 
rod, in 

pounds. 


Foot 

pounds 

of work 

given to 

rod. 


Mechan- 
ical effi- 
ciency, 
per cent. 


Max. 
tension 
on rod, 
pounds. 


Min. 
tension 
on rod, 
pounds. 


10 


12.50 
12. 50 
12.56 
12.. 56 
12.57 
12.57 
12.55 
12.55 
12. ,52 
12.52 
12.47 
12.47 
12.44 
12.44 
12.40 
12.40 
12.36 
12.:^ 


409.38 
409.38 
411.34 
411.34 
422.06 
422.06 
421.41 
421.41 
420.43 
420. 4,S 
408. H9 
4aH.39 
407.41 
407.41 
406.10 
406.10 
404.79 
404.79 


4:«.38 
4:n.25 
441.60 
444.90 
440.40 
441.60 
429.00 
435.38 
425.85 
431.25 
424.42 
424.42 
4:i0.>'0 
43.^.03 
425.20 
419.47 
425.20 
425.20 


512.00 
507.15 
519.32 
523.20 
517.91 
591.32 
504.50 
512.00 
5(X).90 
507.15 
499.12 
499.12 
.506.62 
510.42 
.500 04 
49:3.29 
500.04 
500.04 


81.3 

80.7 
79.2 
78.6 
81.5 
81.7 
8;3.5 
82.1 
839 
82.9 
81.8 
81.8 
81.3 
79.8 
81.1 
82.9 
80.9 
80.9 






10 






15 






15 






20 






20 






25 






25 






30 


720 


—30 


30 




35 






35 






40 






40 


1,060 
1,027.5 


—97 5 


45 


—90 


45 




50 






50 


1,260 


-60 



Lift, 37.75 feet. 



Speed. 


Dis- 
charge in 
pounds 

per 
stroke. 


Foot 

pounds 

of UFoful 

work. 


Average 
pull on 
rod, in 
pounds. 


Foot 

pounds 

of work 

given to 

rod. 


Mechan- 
ical effi- 
ciency, 
per cent. 


Max. 
tension 
on rod, 
pounds. 


Min. 
tension 
on rod, 
pounds. 


10 


12.50 
12.50 
12.. 56 
12.56 
12.57 
12.57 
12. 55 
12. 55 
12.52 
12.52 
12.47 
12.47 
12.44 
12.44 
12.40 


471.87 
471.87 
474.14 
474.14 
474.52 
474. 52 
473.76 
473 76 
472. 6;< 
472.63 
470.74 
470.74 
469.61 
469.61 
468.10 


484.25 

4><4.87 
478.72 
475.. 50 
476.62 
479.77 
49:3. 52 
4^6.22 
4M:i.OO 
495.75 
492 52 
4K3.00 
4.S9.:38 
486.22 
486.22 


573.97 
566.68 
.562.97 
.5.59.19 
560.40 
564.21 
579.20 
561.79 
568.00 
583.00 
579.20 
568.00 
575.51 
571.79 
571.79 


82.2 
83.2 
85.3 

84.7 
84.6 
84.1 
81.7 
84.8 
83.2 
81.0 
81.2 
82.8 
81.6 
82.3 
81.9 






10 






15 






15 






20 






20 






25 

25 


750 





30 






:» 






:« 






35 


1,020 


—67.5 


40 




40 


1,005 


—67.5 


45 
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Lift, 12.66 fbbt. 



Speed. 


Dis- 

charpre in 

pounds 

per 
stroke. 


Foot 

pounds 

of useful 

work. 


Average 
pull on 
rod, in 

pounds. 


Foot 
pounds 
of work 
given to 

rod. 


Mechan- 
ical effi- 
ciency, 
per cent. 


Max. 

tension 
on rod, 
pounds. 


Min. 
tension 
on rod, 
pounds. 


10 


12.50 
12.50 
12M 
12 56 
12.57 
12.57 
12.55 
12.55 
12.52 
12.52 
12.47 
12.47 
12.44 
12.44 
12.40 
12.40 
12.38 
12. 3A 
12. :« 
12. :« 
12.22 
12.22 


158.25 
158.25 
159.00 
159.00 
159.14 
159.14 
158.98 
15S.98 
1.58 .V) 
158.50 
157.86 
157.86 
1.57.49 
157.49 
1.56.98 
156 98 
156.58 
1.56.58 
155.72 
1.55.72 
154.70 
154.70 


191.45 

192.80 
188.95 
lh7.75 
181.40 
189.35 
187.20 
188.55 
192.80 
191.45 
191.45 
191.45 

iw.a5 

191.45 
190.65 
185.10 
187.70 
191.44 
188.55 
188.55 
192.80 
180.35 


225.15 
'^6.70 
220.25 
220.79 
213.33 
223.67 
220.15 
221.74 
226.73 
225.15 
225.15 
225.15 
222.67 
225.15 
22*. 21 
217.68 
219.15 
228.66 
221.74 
221.74 
226.73 
222.67 


70.3 
69.8 
72.1 
72 
74.6 
71.4 
72.2 
71.7 
69.9 
70.3 
70.1 
70.1 
70.7 
69.9 
70.0 
72.1 
75.9 
68.4 
70 2 
70.2 
68.2 
69 4 


900 


65 


10 




15 


310 


40 


15 




20 






20 •. 






25 






25 






30 






30 






35 




35 






40 






40 


750 
750 


—75 


45 


—80 


45 

50 




50 






55 


850 


—70 


55 




60 




60 







Lift, 22.06 feet. 



Speed. 


Dis- 
charge in 
pounds 

per 
stroke. 


Foot 

pounds 

of useful 

work. 


Average 
pull on 
rod, in 

pounds. 


Foot 

pounds 

of work 

given to 

rod. 


Mechan- 
ical effi- 
ciency, 
per cent. 


Max. 
tension 
on rod, 
pounds. 


Min. 
tension 
on rod. 


10 


12.50 
12.50 
12.56 

12. 56 
12 57 

12. 57 
12, 55 
12.55 
12.52 
12.52 
12.47 
12.47 
12.44 
12.44 
12.40 
12.40 
12. :« 
12.36 
12.30 
12. :« 
12.22 
12.22 


283.25 
283.25 
284.61 
284.61 

284.84 
284.84 
284.38 
2»4.:« 
28:^.70 
28:i 70 
282.56 
282. !>6 
281.89 
281.89 
280.98 
280.98 
280.08 
280.08 
278.72 
278.72 
276.90 
276.90 


277.50 


326.34 


86.7 
80.6 
86.4 
87.2 
87.3 
87.3 
85.6 
86.2 
85.3 
84.4 
82.6 
81.3 

81 

82 3 
81.8 
84.6 
80.9 
80.6 
81.1 
81.4 
81.1 
79 4 


410 


60 


10 




15 


279.a5 
277.50 
277.50 
277.50 
2S2.70 
2K0.60 
282.70 
284.80 
291.10 
295.35 
295.35 
291.10 
291.10 
284.80 
294 40 
295. ;i5 
292.10 
291.10 
290.25 
296.20 


328 87 
326. :« 
326.34 
326. :u 
3:«.35 
329.98 
3:i2.35 
334.92 
342. :« 
:H47.33 
347.33 
342.33 
M2Mi 
3:«.12 
;«8.I2 
347. 3:J 
343. :» 
342 33 
341.34 
348.33 






15 






20 






20 






25 






25 






30 


500 


—85 


30 




85 






35 






40 


770 


—85 


40 




45 






45 


930 
925 


—50 


50 


—100 


60 




86 


"iioso" 




55 


—100 


60 




60 
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TA.BLE IX. Mark 4-iiich pump. Stroke, 14.03 inches. 



Speed. 



9. 
10. 
11. 
12 
14 
15. 
16 
17 
W. 
21 
22. 
24 
25. 
25 
28 
29 

ao 

30. 
34 
35 
36 

38, 
40 
45 
48 
50 
52 



Discharges in 50 

strokes, lift 25 

feet. 



312 

306)4-ai3H 
312 
312 
314H 

3169k -319 
314 
315 

325 -323H 
316 
316 
317 

3ao.8-:c24 

315H 
• 317 
316 
32Q.8-32m 
3174 
316H 
326«i-3l6S 
320 
3204 
321X-325. 8-320 

340 

3574-:«9 

:U3 



Plotted av- 
erases of 
discharge* 
per stroke. 



6.25 



6.28 



6.314 



6.344 



6.37 



6.40 



6.45 
6.59 



6.84 



TABLE X. 



Mark 4-iDch pump. Stroke, 14.03 inches. 
Lift, 25.33 feet. 



Speed. 



9K. 

9%. 
15... 
15... 
20... 
20... 
25... 
25... 
82... 
30... 
80... 
36... 
35... 
40... 

4a.. 

45... 

45+. 
50... 



Dis- 
charge in 
poand.^ 

per 
stroke. 



Foot, 

rmnds 
useful 
work. 



6.250 
6.250 
6.2«0 
6.2j« 
6.314 
6.314 
6.344 
6.3U 
6.390 
6.370 
6.370 
6.400 
6.400 
6.450 
6.450 
6.590 
6.600 
6.840 



158.23 
158.23 
159.09 
159.09 
159.95 
159.95 
160.72 
160.72 
161. NS 

161. ;n 

161.37 
162.13 
162.13 I 
164.40 
164.40 
166.94 
167.20 • 
173.28 



Average 
pull on 
the rod, 

in 
pounds. 



183.00 
195.37 
201.20 
200.75 
201.20 
201.42 
210.70 
202.60 
227.87 
225.00 
228.57 
241.92 
2:«.40 
260.24 
246.73 
304.60 
335.84 
364.28 



Foot, 
pounds 
of work 
given to 
the rod. 



214.79 
227.98 
235.23 
234.71 
235.23 
235.49 
246.34 
236.87 
265.83 
263.06 
267.23 
282.84 
275.22 
304.31 
288.47 
356.12 
392.65 
414.21 



Mechan- 
ical effi- 
ciency, 
percent. 



73.6 
10.2 
67.6 
67.6 
67.9 
67.9 
65.2 
68.2 
60.9 
61.2 
61.1 
57.3 
58.9 
54.0 
56.9 
46.8 
42.5 
4.1S 
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TABLE XI. Mark 8-inch pump. Stroke. 13.M inches. 



Speed. 



10, 
10. 
15. 
15. 

20. 
20. 
2ri, 
2r», 
au. 

30 
35. 
35. 
40 
40. 



Discharge 

for 15 strokes, 

lift 6.5 feet. 



fW7H 

•mvt 

368 
368 

865 

365 

358 

358 

846H 

848 

337 V4 

352 



Discharge 
for 15 stf^W"?, 
lift 11.8 iocl. 



371 
360 

368H 

3e2H 

369H 

367 

369Vi 

370H 

367 

36m 

358 

356^ 

359 

357 



Discharge 
for 15 Htrokeb, 
lift 26.5 feet. 



:::»8»4 

358 

858V4 

855Vi 

3583i£ 

35m 

3519£ 



Plotted 

average 

discharge 

per stroke. 



24.80 
"24.36' 



24.30 
'24.266' 



24.00 

■23!e6' 

'23!26' 



TABLE XII. 



Mark 8- inch pump. Stroke, 13.94 inches. 
Lift, 6.5 feet. 



Speed. 


Dis- 
cbarge in 
pounds 

per 
stroke. 


Foot, 

pounds 

of useful 

work. 


Average 
pull on 
the rod, 

in 
pounds. 


Foot, 
pounds 
of work 
given to 
the rod. 


Mechan- 
ical effi- 
ciency, 
per cent. 


Max. 

tension 

on the 

rod. 

pounds. 


Min. 
tension 
on the 

pod 
pounds. 


10 


24.300 
24.:*X) 
24.300 
24.:«X) 
24.300 
24.300 
24.266 
24.266 
24.000 
24.000 
23.600 
23.600 
23.600 
23.600 
23.600 
23.200 
23.200 


157.95 
157.95 
157.95 
157.95 
157.95 
157.95 
157.73 
157.73 
156.00 
156.00 
153.40 
153.40 
153.40 
153.40 
153.40 
150.80 
150.80 


184.72 
179.64 
200.00 
191.52 
200.00 
200.16 
213. :« 
220.32 
244.04 
252.52 
284.72 
271.16 
288.80 
259.32 
266.94 
325. :« 
320.04 


214.28 
208. ;« 
2:«.36 
222.16 

2:«.:« 

2:52.50 
247.50 
255.57 
283.08 
292.92 
330.28 
314.55 
336.17 
300.81 
309.65 
377.44 
371.25 


73.7 
75.7 
67.9 
71.1 
67.9 
67.8 
63.7 
61.3 
55.1 
53.2 
46.4 
48.7 
45.6 
50.9 
49.5 
39.7 
40.5 


312 


72 


10 




15 






15 






20 






20 






25 






25 






30 






30 


648 


—72 


35 




35 


664 


—80 


85 




35 


738 


—108 


85 




40 






40 







Lift, 11.8 feet. 



Speed. 


DU- 

chartre in 

pounds 

per 
stroke. 


Boot. 

pounds 

of useful 

work. 


Average 

pull 

on the 

rod, in 

pounds. 


Foot, 
pounds 
of ^ork 
given to 
the rod. 


Mechan- 
ical effi- 
ciency, 
percent. 


Max. 

tension 
on the 

rod 
pounds. 


Min. 
tension 
on the 

pounis. 


10 


24.30 

24.30 

24.30 

24.30 

24.30 

24.30 

24.266 

24.266 

24.00 

24.00 

23.60 

28.60 

28.20 

28.20 


286.74 
286.74 
286.74 
286.74 
286.74 
286.74 
286.84 
286.34 
283.20 
28:^20 
278.48 
278.48 
273.76 
273.78 


293.60 
290.60 
297.00 
298.05 
308.50 
306.55 
311.95 
311.95 
328.95 
335.45 
846.80 
346.80 
384.60 
395.30 


340.58 

337.10 

844.52 

845.74 

357.86 

354.44 

385.06 

385.06 

381.58 

389.12 t 

402.29 

402.29^ 

446.14 t 

458. 55* 


84.2 
85.0 
83.2 
82.9 
80.2 
80.8 
74.3 
74.3 
74.2 
72.8 
60.2 
60.2 
61.3 
59.4 


480 


70 


10 




15 






15 






20 






20 






25 






25 




» 


30 






30 


650 
700 


-25 


85 


—60 


85 




40 






40.'.'.'.'. 


i.iio 


-ioo 
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Lift, 16.75 feet. 



Speed. 


Dis- 

chante in 

pounds 

per 
stroke. 


Foot, 

pounds 

of useful 

work. 


Averaffe 
puU on 
the rod, 

in 
pounds. 


Foot, 
pounds 
of work 
(riven to 
the rod. 

49(68 
487.45 
506.08 
498.16 
516.78 
.512.(59 
531.66 
.542.79 
.552 93 
619.48 
&U.15 
647.80 
655.20 


Mechan- 
ical effi- 
ciency, 
percent. 


Max. 
tension 
on the 

poan<is. 


Min. 
tensicm 
on the 

rod 
poonds. 


10 


24.30 

24.30 

24.30 

24.:« 

2< 30 

24.30 

24.266 

24.266 

24. (JO 

24.00 

2:^.60 


mm 
unm 

407.03 

4(»7.aj 

407. a^ 
406.47 
406.47 
402.00 
402.00 


42d.'22 
419.85 
4:«.9f» 
429.45 
445 .50 
441.97 
4.W.32 
467.92 
477.52 
.529.72 
5.55. :« 
5.58.45 
564.82 


82.3 

85.1 
80.4 
81.7 
78.7 
79.5 
76.4 
74.8 
72.5 
6:i.9 
61.3 
59.9 
.59.3 


585 


eo 


10 




15 






15 






20 






20 






25 






25 






30 


900 





30 




35 


1.170 
1,245 


—150 


40 


2:^.20 :^s.BO 


—150 


40 


23.20 


:*S8.60 





Lift, 21.8 feet. 



Speed. 


Dis- 

charf?e in 

pounds 

per 
stroke. 


Vr^4- Average 
^^'°''^^- pounds. 


Foot. 
pound.s 
t>f work 
friven to 
the rod. 


Mechan- 
icRl effi- 
ciency, 
per cent. 


Max. 
tension 
on the 

pounds. 


Min. 
tension 
on the 

poan(is. 


10 


24.300 
24.300 
24.:«0 
24.:i00 

21. :m 

24.300 
24.266 
24.266 
24.000 
24. COO 
21.000 
23.600 
2:^600 


529.74 
529.74 
529.74 
529.74 
529.74 
529.74 
.529.01 
529.01 
523.20 
523.20 
523.20 
5U.4^ 
514.48 


5:«.18 
5:i6.18 
539.47 
5:».47 
549.:» 
546.00 
.582.24 
58:^.65 
595.35 
595.35 
585.52 
684.15 
707.17 


6f'7.67 
607.67 
611.40 
611.40 
622.. 54 
618.80 
6.59.87 
661.47 
674.73 
674.73 
663.59 
775.37 
811.46 


87.1 
87.1 
86.6 
86.6 
85.1 
856 
80.2 
79.9 
77.5 
77 5 
78.8 
69.8 
67.5 


825.0 


75.0 


10 




15 






15 







20 






20 


960.0 
907.5 


75.0 


25 


—37.5 


25 




30 






30 






30 






35 


1,387.5 


—165.0 


35 





Lift, 26.5 Feet. 



Speed. 


Dis- 

charcre in 

ponnds 

per 
stroke. 


Foot, 

pounds 

of uFeful 

work. 


Averaf^e 
pull on 
the rod, 

in 
pounds. 


Foot, 
pounds 
of work 
griven to 
the rod. 


Mechan- 
ical effi- 
ciency, 
per cent. 


Max. 
tension 
on the 

rod 
pounds. 


Min. 
tension 
on the 

pooncls. 


10 


24.300 
24.300 
24.:«0 
24.300 
24.300 
24.:i00 
24.266 
21.266 
24.000 
24.000 


643.95 
&U^.95 
64;}. 95 
643.95 
643.95 
64:3.95 
643.06 
64:i.06 
630.00 
6:«.00 


684.15 
680.85- 
677.62 
674.32 
694.05 
697.35 
720.37 
740.77 
786.15 
801.67 


775.37 
771.83 
767.97 
764.23 
786.59 
790.3:3 
816.42 
839.44 
890.97 
908.56 


83.5 
83.6 
83.8 
84.2 
81.8 
81.4 
78.7 
76.6 
71.3 
69.9 


997.5 


45.0 


10 




15 






15 






20 

20 






i'Xti.o 




25 


-^.5 


25 ... . 




30 






3o!'.!!.".!.'!!..!'. 
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SUMMARY. 

So far as the tests go, the following is shown: 

1. The efficiency of pumps, all having a right to be called good pumps, 
may vary from 20 per cent, to 85 per cent., depending on the lift and piston 
speed. 

2. A fall of 25 per cent in the efficiency of a pump in the usual range of 
windmill speeds is not uncommon. 

8. A pump having a variation of only 5 per cent, is possible. 

4. For wells about 20 feet deep there is no need of using a pump .of less 
than 75 per cent, efficiency for average speeds. 

5. Two pumps may compare very favorably at a certain lift and much less 
favorably at some other lift not very much different. 

6. A pump having an efficiency of over 80 per cent, at piston speeds up to 
100 feet per minute is possible at a 20-foot lift. 

7. Some pumps can be run at a piston speed of 180 feet per minute and 
maintain an efficiency above 70 per cent, for lifts above 20 feet. 

8. A pump with very large clack valves on a very low lift may give an 
efficiency from 80 per cent, at slow speed to 50 per cent, at a piston speed of 
80 feet per minute. 

9. Pumps at slow speed and high speed discharge a little less water per 
stroke than at medium speed. This may be from 1 to 2 per cent. 

10. A pump with small delivery pipe may at high speed deliver a con- 
siderably larger amount of water than that computed from the cylinder 
capacity. 

11. With pumps having an ample supply of water, the speed may be limited 
by the failure of the lower valve if its movement is not limited. 

12. Valves of limited movement are preferable for fast speeds. 

13. The addition of a stuffing-box to any form of pump may seriously 
reduce the efficiency. 

14. The initial stress on the up stroke at higher speeds is the destructive 
element on the windmill. The use of a device to reduce this is well worth 
consideration. At piston speeds of only 70 per minute, this sudden Jerk 
may be two or three times the weight of the column of water lifted. 
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Power and Efficiency of Windmills. 

By E. C. MURPHY. 

It was a part of the plan of the Board to make some tests of the 
power and efficiency of windmills, to arrive as near as possible at the 
proper relation between the power and the pump. Before the Board 
had reached any definite conclusion as to its method of procedure 
in this matter, it learned that Prof. E. C. Murphy, of the State Uni- 
versity, had been employed by the United States Geological Survey 
to do work of a similar nature. The Board deferred its action, await- 
ing the results of Professor 3Iurphy's ex])eriments, which were 
carried on throughout the season of 1896. Through the courtesy of 
Mr. F. H. Newell, Chief Hydrographer of the United States Geo- 
logical Survey, Professor Murphy was permitted to use, in an article 
for our report, the facts and data acquired by him in his experi- 
ments. This investigation is upon entirely new lines and the results 
reached are interesting and novel. Below we give Professor Mur- 
phy's article in full, which is a synopsis of i)art of his report to tin* 
United States Geological Survey. 



It is surprising how little definite infortfiation there is in regard to the useful 
work windmills — and especially the steel back-geared mills — of the present day 
are doing. Thousands, and perhaps millions, are in use for doing work of vari- 
ous kinds, and yet very few careful measurements have been made to determine 
their horse-power or the number of foot pounds of work they are doing in differ- 
ent wind velocities. 

It was to supply in a measure this lack that, two years ago, the writer under- 
took to measure, with instruments then at his disposal, the pumping power of 
windmills. This year, with much better facilities furnished by the hydrographic 
branch of the United States Geological Survey, he has continued this work, ex- 
tending it to include power as well as pumping mills. We have not attempted to 
measure the power of every make of mill. This was impossible. It was thought 
best to confine the work to different sizes of the standard mills — those that 
are used to a lar^e extent, and are giving satisfaction. In some cases, two or 
three tests of the same size and make of mill were made for the purpose of show- 
ing the influence of the pump or well on the useful work done. 

Perhaps nowhere in the United States is irrigation from wells by the use of 
windmills so extensively practiced as in the vicinity of Garden City, Kas. Here 
are found hundreds of windmill pumping plants, irrigating from 1 to 15 acres, 
the pumps lifting from 3 to 14} ^ quarts per stroke a height of from 10 to 45 feet. 
Here are found the large steel mills, with the latest improvements, running day 
and night whenever the wind velocity is sufficiently great. These reasons in- 
duced the writer to select this locality as the field of his investigations. 
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The report contains a description of the wells and pumps of this locality, 
which is omitted in this summary, as these facts are included in other reports. 

INSTRUMENTS AND METHODS. 

The wind velocity was measured with a United States weather bureau cup 
anemometer. Each mile of wind was recorded electrically by one pen of a two- 
pen register. By means of a little device fastened to the pump an electric circuit 
is closed at each stroke of the pump, and a record made by a recorder. Another 
electric circuit leading from the recorder toother pen of register is closed at each 
100 strokes of pump, and a record made on register ; hence, the graphic record 
of register shows the number miles of wind in any given time, and also the num- 
ber hundred strokes of pump in the same time. 

The anemometer was held on a pole at the height of the axis of the wheel of 
windmill. The pole was made so that its length could be increased at will from 
25 to 50 feet. 

The discharge per stroke of pump was found by catching the discharge for 
several strokes in a tub, and measuring this in a quart measure. This was found 
to vary with the number of strokes per minute in a few cases on account of valves 
leaking. The discharge given where it varied is for nearly a maximum speed of 
pump. The lift or distance from surface of water in well to center of water col- 
umn as it*leave8 the discharge pipe was measured when the pump was working 
quite rapidly. For pump on well points it was estimated from the depth to water 
when point was put down, making an allowance for the pumping down of the 
water. 

DESCRIPTION OF MILLS AND PUMPS TESTED. 

M/.U No. 2 is a 12-foot Woodmansee Mogul, manufactured by Woodmansee, 
Hewitt Manufacturing Company, Freeport, 111. The tower is steel, 50 feet high 
to axis of wheel. The wind exposure is not good from the north, the mill being 
115 feet south of a large barn. The wheel has 30 curved fans, each .36x13x532 
inches, set at an angle of 30 deg. with the plane of wheel. It is back-geared 3 to 
1, and held in the wind by a spring. The pump is Woodmansee make. The cyl- 
inder is 9^2 inches in diameter; supply pipe, 5"\s inches in diameter; length of 
stroke, 12 inches. The well is 3'^t^3'^4 ^^^^ square, a distance of 14 feet to water. 
In the bottom of this is put down a 12-inch galvanized iron pipe 20 feet into wa- 
ter, forming a small open well. The lift at the time of test was IT'^^ feet, and 
the discharge per stroke \^\^y (juarts. The moan pressure was 26.98 inches, and 
mean temperature 94 deg. F. The cost of mill, tower, pump and well was about 
$210. 

Mill No, 4 is a 12-f(X>t Aermotor, manufactured by the Aermotor Company, 
Chicago, 111. This mill had been in use about a year and all the parts were in 
good working order. The tower is made of wo<xl, having axis of wheel 30 feet 
above the ground. The exposure is very good. The wheel has 18 curved fans, 
each 44xl8'54x7''^4 inches, set at an angle of 31 deg. to the plane of wheel. It is 
back-geared 3I3 to 1, and is held in the wind by a spring. The pump is Stone 
make, in which the check valve is of the single flap variety, and the plunger of 
the double flap variety. The cylinder is 9^2 inches in diameter, the supply pipe 
4 inches in diameter, and the discharge pipe 10 inches outside diameter. The 
length of stroke is 12 inches, and the discharge ])er stroke U^o quarts. The well 
ifi 4x4 feet nearly to water, a depth of 8 feet. From this to a depth of 18 feet it 
is 3 feet in diameter, then in the bottom of this are three 12-inch jjipes extending 
down 5 feet farther. The lift at the time of testing was 13'^ j feet. The pressurt^ 
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was 27.2 inches, and the temperature 85 deg. F. The water is pumped into a 
pond 80x75 feet, and a depth of 22 inches can be drawn off. The cost of plant, 
including: mill, tower, pump, and pond, was $145. 

Mill No. ^ is an 8-foot Ideal, manufactured by Stover Manufacturing: Com- 
pany, Freeport, 111. This mill had been in use about one year, and all the parts 
were in good condition. The tower is of wood; axis of wheel 48 feet above the 
ground. The wheel has 15 fans, each 16^^x7x30 inches, set at an angle of 29 deg. 
with plane of wheel. It is back-geared 2^2 to 1, and is held in the wind by a 
spring. The pump is of Stone make. The discharge pipe is 6% inches in diam- 
eter, and the supply pipe 3 inches in diameter. The length of stroke is 8 inches. 
The plunger and check valves are of the single flap variety. The well is 2^4x2^4 
feet down nearly to water, a depth of 5J4 feet The 3-inch supply pipe ex- 
tends down to a depth of 14 feet, and on the end of it is a 3-inch well point 6 feet 
long. The lift may vary from 83-2 to 20 feet. It was probably about 12 feet at 
the time of the test. The discharge per stroke was 2 quarts. The mean pres- 
sure was 27.19, and the mean temperature 83 deg. F. The water is pumped into 
a pond 115x31 feet and 3 feet deep. The cost of plant, including mill, pump, well 
and pond, was $80. 

Mill No, f) is an 8-foot Aermotor, manufactured by the Aermotor Company, 
Chicago, 111. The tower is of wood, and is 28f3 feet high to axis of wheel. The 
exposure is good, and all the parts were in good working order at time of visit, 
the plant having been in use about one year. The wheel has 18 curved fans, 
each 30x1210x51 2 inches, making an angle of 29>^ deg. with plane of wheel. It is 
back-geared 3i;j to 1. The pump is Stone make; discharge pipe, 6 inches diam- 
eter; supply pipe, 3 inches diameter. The valves are both of the single flap 
variety. The length of stroke is 8 inches. The well is 4x4 feet to water, a depth 
of 10^2 ^^®t. A 12-inch wooden curb extends 12 feet further into the sand and 
gravel. The discharge per stroke was 3^2 quarts, and the lift 13 feet. The water 
is pumped into a pond 110x30x2^2 ^eet. The cost of plant, including pond, was $80. 

Mill No. 6 was an 8- foot Gem, manufactured by the U. S. Wind Engine and 
Pump Company, Kansas City, Mo. The exposure is good, and all the parts in 
good working order, the mill having been in use only about a year. The mill has 
24 curved fans, each 3012x10x412 inches, set at an angle of 35 deg. with plane of 
wheel It is back-geared 3 to 1. The wheel is held in the wind by means of a 
weight. The pump is Stone make ; discharge pipe, 6 inches diameter ; supply 
pipe, 4 inches diameter ; length of stroke, 8 inches. The well is open to water, a 
depth of 6I2 feet. The supply pipe is on a well point, the end of which is 16 feet 
below surface of ground. The lift was 9iV ^eet, and the discharge 3.9 quarts per 
stroke. The tower is built of wood, and is 24 feet high to axis of wheel. The 
mean pressure was 27.02 inches, and mean temperature 85 deg. F. The plunger 
valve is of the double flap variety, and the check of the single flap variety. 

Mill No. 7 is a 12-foot Aermotor, similar to mill No. 3. The tower is steel, 
having a height of 31 feet to axis of wheel. The exposure was good, and all the 
parts in good working order, the plant having been in use less than one year. 
The pump is Stone's make, and is like that with mill No. 3, except that the check 
valve is of the solid lift variety. The lift was 151-2 feet, and the discharge 14.3 
quarts per stroke. The water is pumped into a pond 135x50x212 feet. 

Mill No. S is a 10 foot Star wooden mill, manufactured by Bradley, Wheeler 
Jk Co., Kansas City, Mo. The tower is made of wood, and the axis of wheel is 
351 2 feet above the ground. The water is pumped into an elevated tank 20 feet 
above the surface of ground, and is used for irrigation. The wheel has 60 plain 
fans, each 37x5x2'i4 inches, set at an angle of 33 dog. to the plane of wheel. It 
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is held in the wind by means of a weight. It is not back-geared, a stroke of the 
pump being made to each revolution of the wheel. The supply pipe is 2 inches 
diameter, and terminates in a well point, the end of which is 18 feet below the 
surface of ground. The cylinder is 3 inches diameter, discharge pipe m inches 
diameter, length of stroke 5 inches. The lift may vary between 28J^ and 37 feet. 
It was estimated to be about 30 feet at the time of measurement. The discharge 
per stroke was .24 quart. The cylinder leaked some at the time of test. After 
a new cylinder was put in the discharge per stroke was increased to .40 quart. 
The mean pressure was 27.04 inches; mean temperature, 78 deg. F. 

Mill No. 9 is a 16-foot Aermotor. The tower is of steel ; axis of wheel 30 feet 
above the ground. The wheel has 18 curved fans, each 59x25^x10^^ inches, set 
at an angle of 30 deg. with plane of wheel. It is back-geared 3J^ to 1. The dis- 
charge pipe is 12 inches in diameter; supply pipe, 6 inches diameter; cylinder, 8 
inches diameter; stroke, 16 inches. The well is 4x6 feet to a depth of 23 feet; 
2x2 feet down 8 feet further, and 18 inches diameter down 14 feet further. 
The water is 39f ^ feet below the surface of the ground. The lift is 44^4 feet and 
the discharge 11 quarts per stroke. The check valve is of the single flap variety, 
and the plunger the double flap variety. The mean pressure was 27.04 inches, and 
the mean temperature 93 deg. F. This plant has been in use about three years. 

Mill No. 10 is an 8- foot Ideal. The tower is made of wood, the axis of wheel 
being 30 feet above the ground. The wheel has 15 curved fans, each 31x19x7 
inches, set at an angle of 29^^2 <3e.g. with plane of wheel. It is back-geared 2,}^ 
to 1. The supply pipe is 1^2 inches diameter; cylinder, 2V3 inches diameter. 
The pump is of the common hand pump kind, with lift valve of the flap form and 
plunger of the lift variety. The valves leak some, as discharge is greater when 
pump is working rapidly than when working slowly. The supply pipe is on a 
well point 3 feet long and 1}^ inches diameter, whose lower end is 50 feet below 
surface of ground. The lift was 33 feet, and the discharge per stroke i;j quart 
when pumping quite rapidly. The mean pressure was 26.94 inches and mean 
temperature 97 deg. F. 

Mill No. 7/ is a 12-foot Ideal. The tower is made of steel, the axis of wheel 
being 30 feet above the ground. The exposure is good and all the parts in good 
working order. The wheel has 21 curved fans, 31x19x7 inches, set at an 
angle of 29>2 deg. to the plane of the wheel. It is back-geared 2^3 to 1, and the 
wheel is held in the wind by a spring. The discharge pipe is 8 inches diameter; 
stroke, 12 inches. Supply pipe consists of two 3-inch pipes 14 feet long, each 
terminating in a 3-inch well point 3 feet long. The valves are both of the single 
flap variety. The water is 391-3 feet below the surface of the ground. The lift, 
as nearly as could be ascertained, was 45 feet at the time of measurement: the 
discharge, 9 quarts per stroke. The water is pumped into a pond 60x40x6 feet. 
This plant has been in use about three years. The mean pressure was 26.91 
inches, and the mean temperature 91 deg. F. 

Mill No. 12 is a 14- foot Ideal. The tower is made of steel, 30 feet high to 
axis of wheel. The wheel has 24 curved fans, each 48'i4x 17^3x8 inches, set at an 
angle of 30 deg. with plane of wheel. It is back-geared 2^3 to 1. The pump is 
Frizell make. The discharge pipe is 10 inches diameter; cylinder, 9I3 inches di- 
ameter; supply pipe, 6 inches diameter, terminating in a well point 10 feet long and 
6 inches diameter, the lower end of which is 32 feet below the surface of ground. 
The lift, as nearly as could be estimated, was 11 feet. The discharge was 11.6 
quarts per stroke. The mean pressure was 27.04 inches, and mean temperature 81 
deg. F. The water is pumped into a reservoir 100x100x3 foet deep. The pump 
has been in use about one year. 
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Mill jVo. 13 is a 12-foot Aermotor. The tower is made of wood; axis of wheel 
25 feet above the ground. The exposure was good and plant in good working 
condition, having been in use about one year. The wheel is the same as that of 
mill No. 3. The pump is Stone make; discharge pipe, 10 inches diameter; supply 
pipe, 5 inches diameter, on well point 10 feet long, the lower end of which is 17 feet 
below the surface of ground. Length of stroke is 12 inches. The plunger valve 
is of the double flap and the check valve the single flap variety. The discharge 
per stroke at time of test was 14.4 quarts, and the lift about 11 feet. The mean 
pressure was 27.09 inches, and the mean temperature 91 deg. F. The important 
difference between this plant and No. 3 is, that the latter has a 4-inch supply 
pipe and an open well; the former a 5-inch supply pipe on a well point. 

Mill Xo, l/f. is a 12-foot Gem on a 60-foot steel tower. The pump is Gaust' 
make; cylinder, 8 inches diameter; length of stroke, 9 inches; supply pipe is in a 
12-inch open well. The discharge per stroke was 9''*4 quarts, and the lift 15?-.^ 
feet. The wind velocity was not measured for this mill. 

Mill Xo. 1.5 is a 10 foot Gem. The tower is made of wood; the axis of whee! 
is 31 feet above the ground. The mill is in good working order, but the exposure 
is not good on account of trees. The wheel has 24 fans, each 36x11x4^4 inches, set 
at an angle of 35 deg. with plane of wheel. It is back-geared 3 to 1. The pump 
is Stone^s make; discharge pipe, 8 inches diameter; supply pipe, 3 inches diameter: 
stroke, 8 inches. The supply pipe is on a 3-inch well point, 8 feet long, whosc^ 
lower end is 21 Jo ^^©t below surface of ground. The plunger valve is single fla]) 
form and the check lift. The depth to water is 10 feet. The discharge per 
stroke is 7 quarts; the lift about 15 feet. The mean pressure was 27.05 inches, 
and mean temperature 84 deg. F. 

Mill Xo. 10 is a 10-foot Halliday, pumping water into the same pond as No. 
15. The tower is wood : axis of wheel 28 feet above the ground. The wheel has 
78 fans, each 36I4X4X2I4 inches, set at an angle of 35^2 deg. to plane of wheel. It 
is not back-geared. The pump is Gause make, with discharge pipe 6 inches di- 
ameter ; supply pipe, 4 inches diameter. There is a 6-inch galvanized iron pipe, 
forming an open well, extending 15 feet into the water. The depth to water is 11 
feet, the lift 16 feet, and the discharge per stroke 3 quarts. The mean pressure 
was 27.02 inches, and the mean temperature 94 cleg. F. 

Mill Xo. 77 is a 12- foot improved Gem, on a JBO-foot steel tower. The wheel 
has 32 curved fans, each 42x11^2^4*^1 inches, sot at an angle of 37 deg. with plane 
of wheel. It is back-geared 2 to 1. The pump is a Gause patent, with 8-inch 
discharge pipe, 4-inch supply pipe, and 12-inch stroke, in an open well formed of 
a 12-inch wooden casing. Depth to water, I7I4 feet : lift, 21*^4 feet ; discharge 
per stroke, 8-*4 quarts. Mean pressure, 27.05 inches: mean temperature, 93 deg. F. 
This mill, although nearly new, does not work well ; it is out of plumb. Only a 
few measurements of the number of strokes per mile of wind were made. 

Mill Xo. IS is an 8-foot Ideal, on a J^-foot wooden tower. The exposure was 
good, and all the parts in good working order. The wheel is like that of mill No. 4. 
The pump is Stone's make, with 6 inch discharge pipe -no supply pipe— the 
cylinder being under water, with 3i.>-inch opening to it from below. The valves 
are lift variety for check, and single flap for plunger. The well is open, formed 
by a 10-inch galvanized pipe in the bottom of a part 4^^ feet in diameter and 8 
feet deep. It is 11 feet to water. The lift is lA'^^x '^^^ • discharge per stroke, 2.92 
quarts. The mean pressure was 27.01 inches: mean temperature, 85 deg. F. The 
cost of plant, including pond, was 8125. 

Mill Xo. 19 is a 12-foot Gem, on a :i0 foot wooden tower. The exposure was 
good, and the mill in go<xi workintr order. The wheel is like that of mill No. 17. 

Digitized by^^OO^ K:^ 



Murphy.] Potcer and Effieienci/ of Windmills, 151 

The pump is Stone's make, with 10-inch discharge pipe, 4-inch supply pipe ; 
length of stroke, 10 inches. The supply pipe is on a 4-inch well point 9 feet long, 
the end of which is 23 feet below the surface of ground. The check valve is lift 
form, and plunger single flap. The lift was about 18 feet ; discharge per stroke, 
12 quarts. Mean pressure, 27.13 inches; mean temperature, 70 deg. F. The 
water is pumped into reservoir 120x60 feet. 

Mill No, 20 is a 153^-foot Jumbo. Its axis is a steel shaft, 8 feet above the 
ground ; it has 6 fans each 9}^x3}4 feet ; the outer radius is 1% feet, and the 
inner 4f^ feet. This mill works two pumps, one at each end of axis, each having 
a 6-inch cylinder, 3-inch discharge pipe, and 3-inch supply pipe on a well point 
5 feet long, lower end 20 feet below surface of ground. The discharge of the two 
pumps was 10 quarts per stroke ; the lift about 14 feet. The mean pressure was 
27.09 inches ; mean temperature, 85 deg. F. The anemometer was held 143^ feet 
above the surface of ground, or at the elevation of the center of a fan when in its 
highest position. The wheel is det in a large box extending up to a level with 
axis of wheel to prevent wind from striking wheel below its axis. 

Mill No. 21 is a 12-foot Halliday, on a 31-foot wooden tower. The wheel has 
64 fans each 42j2x5x238 inches, set at an angle of 35 deg. with the plane of wheel. 
It is not back-geared and regulates itself on the centrifugal principle by the fans 
taking the direction of the wind. The pump is Stone's make, with 7^ 2-inch dis- 
charge pipe, 4-inch supply pipe, 7-inch stroke. The check valve is lift form, and 
the plunger double flap. The well is open, formed by a wooden curb 12 inches 
diameter, in the bottom of a dug well 9 feet deep. The depth to water was llj^ 
feet, and the lift 15 feet ; the discharge per stroke was 4i^ quarts when pumping 
quite rapidly (30 strokes per minute). The valves were not in very good repair, 
and the pump lost its priming after a time. Mean pressure was 27.00 inches ; 
mean temperature, 71 deg. F. 

Mill No, :Jo is an 8-foot steel mill on a 32-foot steel tower, made by Fairbanks, 
Morse & Co. The wheel has 18 curved fans, each 29x11^8x514 inches, set at an 
angle of 29 deg. with plane of wheel. It is back-geared 2^2 to 1. The pump is 
of the common hand pump variety, 2^ 2-inch cylinder, IVj^inch supply and dis- 
charge pipes, 4-inch stroke. The well is open, 6I4 feet to water, The discharge 
per stroke was .31 quart, and the lift 8^^^ feet. The water raised is used for 
watering stock. 

RELATION BETWEEN NUMBER OF STROKES PER MILE OF WIND AND WIND 
tVELOCITY IN MILES PER HOUR. 

B Figures 1 to 10 show graphically how the number of strokes of pump per 
mile of wind varies as the velocity increases. ( Figure 1 of this synopsis shows 
this relation for mills No. 3 and 20.) The velocities are plotted as abscissa, and 
number of strokes as ordinates. This relation is found directly from the dia- 
grams of the register. The pen connected with the anemometer makes say three 
short marks in 15 minutes, and the other pen registering hundred strokes makes 
8«'iy two short marks in the same time, then a mile is made in 5 minutes, the 
velocity is 12 miles per hour, and the pump makes 67 strokes in this mile. After 
as many of the points were plotted as thought necessary, a smooth curve was 
drawn among them, so as to have about as many on one side as on the other. 
This curve gave the measured relation. In order to determine the number of 
strokes more accurately than is possible by the diagram — since the distance be- 
tween two of the short lines is small — the number of strokes to the mile of wind 
was counted and the time noted for quite a number of the plotted points. The 
curve for No. 20 is seen to be very different from any of the other curves. Leav- 
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ing it out of account for the present, we see that while the others differ a good 
deal, they agree in that the curves rise rapidly, reaching a maximum at from 13 
to 19 miles wind velocity, and then descend slowly. They differ much in the po- 
sition of the beginning of the curve or the velocity required to start the mill; 
some will run in an 8-mile wind; others require a 10- or 12-mile wind to start 
them. Some rise less rapidly than others --especially No. 11. Some descend 
much more rapidly than others after reaching the highest point. This is espe- 
cially true of the 8-foot Ideal. No. 12 required a 14- mile wind to start it, and 
does not appear to have a maximum. 

Heasons for the Differences in the These Curves. 

The shape of the curve, especially the position of its beginning point, is due 
to the load on the pump, or the number of foot pounds per stroke. Increasing 
the load moves the curves to the right and raises it higher. This will be shown 
more fully in discussion of power mill No. 27. The height of the highest point 
and its position depends on the tension of the spring or the weight which holds 
the mill in the wind. The greater the tension the higher the summit and the 
further it is to the right. No. 20 has no method of reducing the wind area and 
hence the curve has no summit. The less the tension in spring the steeper the 
descent from the highest point. The gearing — that is the mechanism for caus- 
ing the pump to make a stroke to each revolution of wheel, or only a stroke every 
second or third revolution — modifies the curve. If working direct stroke the 
curve is much higher and is further to the right than if back-geared. Compare 
Nos. 3 and 21. 

Columns 3 to 8, Table I, give the number of strokes per mile of wind for each 
mill for velocities of 8, 12, 16, 20, 25 and 30 miles per hour. 

Number Strokes per Minatr. and Gallons per Hour. 
Columns 9 to 14, Table I, give the number of strokes per minute for velocities 
of 8, 12, 16, 20, 25 and 30 miles per hour. These are found from columns 3 and 
8, by dividing the number of strokes per mile by the number of minutes required 
to make the mile. Columns 15 to 21 give the number of gallons per hour that 
each pump was lifting in wind velocities of 8, 12, 16, 20, 25 and 30 miles per 
hour. These are found from columns 9 to 14 by multiplying the number of 
strokes per minute by 60 and this by the number of gallons per stroke. 

Useful Work in Horse- Power. 
The useful work in horse-power each mill is doing is given in columns 21 to 
26 of Table I for wind velocities of 8, 12, 16, 20, 25 and 30 miles per hour. It is 
found from the numbers in columns 9 to 14 by multiplying these by g = the num- 
ber of gallons per stroke, g = the weight per gallon, h = the lift, and dividing by 
33,000, the number of foot pounds per horse-power, or we have the formula : 

H. P. = ^^ ^ '^ ^ 
33,000 

RELATION BETWEEN WIND VELOCITY AND HORSE-POWER IS SHOWN GRAPH- 
ICALLY FOR FIVE 12-FOOT MILLS IN FIGURE 2. 

Column 27, table I, gives the vane area of the mills tested, and column 29 the 
pump load, or the number of foot pounds per stroke of pump. Examining the 
five curves of figure 2, we see that No. 11, the one which has the greatest horse- 
power, has the heaviest load, and requires the greatest wind velocity to start it. 
No. 2 has about five- eighths the load of No. 11, does less work, and requires 
about the same wind velocity to start the pump. No. 3 has a lighter load than 
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No. 2, and will start in a wind of about 7 miles per hour. No. 19 has a little 
heavier load than No. 3, and does much less work at all velocities; the latter re- 
quires a 9- to 10- mile wind, while the former will start in a 7- to 8-mile wind. 
No. 21 is doing the least work of the five, and requires about an 11-mile wind to 
start it. It is a wooden mill making direct stroke, while the others are steel 
mills and back-geared. It must be understood in this comparison that no cor- 
rection or allowance is made for difference in temperature and barometric pres- 
sure, nor for the fact that in Nos. 11 and 19 the pumps are on well points, while 
in the others they are in open wells. 

Pumping for Stock and for Irrigation, 
Mill No. 25 is used to pump water for stock. Comparing it with, say No. 5, we 
see that its load is about five-ninths and it is doing about one-tenth as much 
work as the latter. It will start with a wind velocity of about six miles per hour, 
while the latter requires a velocity of about 8)3 miles. 

Pump Load Due to Well Point. 
On examining well points that have been used for a time, it is seen that many 
of the little openings through which the water passes into the pump have become 
filled with fine grains of sand, thus reducing the area through which the water 
can enter the pump. If this area was of the proper amount when the point was 
new, then it has become too small after it has been used for a time, or after it has 
stood in the ground for a time without being used. If this area is too small to 
allow free flow into pump, an added load is put on the pump. To measure the 
mean pull of the pump an instrument was devised by Mr. R. G. Stone, of Garden 
City, consisting essentially of a spiral spring, whose compression was proportional 
to the pull, and a pencil which moved up and down over a smooth surface. The 
spring was calibrated, and the pull in the pump rods of four of the pumps meas- 
ured with it. The four pumps selected were operated by the same size and make 
of mill, and the pumps were the same except as to size of supply pipe, valves, and 
kind of well. The discharge was practically the same, but the lifts differed 
slightly. These were Nos. 3, 7, 13, and 22. Table II gives the pull in each case, 
after reducing to a common lift of 17 feet. 







TABTiK II. 




MUl No. 


Lift. 


Kind of well. 


Mean pull. 


3 
7 

13 
22 


135!i ft. 
17 '• 
12 " 
13» 4 • ' 


Open. 

Open. 

4'inch well point. 

5.inch 'f^ 


.•>97 lbs. 
734 '• 
944 •* 
819 " 



The straining capacity of No. 17 is not as great as that of No. 3, and the re- 
sistance of the valves is greater in No. 7 than No. 3. 

The useful work two mills of the same wind area, exposure, etc., will do de- 
pends on the magnitude of the load on the mill and the wind velocity. If the 
mill is heavily loaded it will do more work in velocities of 12 or more miles per 
hour, and less in lower velocities than one of a lighter load. The useful work 
done in a given time is the product of the work done per hour at the mean ve- 
locity, and the number of hours during that time. If the mean velocity at a 
given place is low, the mill load must be less for maximum work than that at a 
place where the mean velocity is higher. To illustrate this fact we use the results 
of tests of two 12-foot pumping mills, No. 11 heavily loaded, and giving the 
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greatest horse-power of acy mill tested at high wind velocities, and No. 3, giving 
the greatest power at low velocities. The useful work per stroke of pump is 844 
foot pounds for No. 11, and 415 foot pounds for No. 3. The useless work of the 
former is greater than that of the latter, since the pump is on two well points in 
the former, while the pump of the latter is in an open well. 

The relation between horse-power and wind velocity for these mills is shown 
in the Fig. 2. The curves are seen to cross each other at a wind velocity of 
121 2 miles per hour. For less velocities than this No. 3 is doing more work per 
hour than No. 11, and for greater velocities No. 11 is doing more work than No. 3. 
If the velocity at this place were, say not more than 13 miles per hour, it is very 
evident that mill No. 3 would do more work in any time than No. 11. 

There is no record of wind movement at this place ( Garden City ) for any con- 
siderable length of time. There is one for Dodge City, however, 50 miles east of 
Garden City, kept by the United States Weather Bureau, which may be used for 
this purpose. Table III gives the mean number hours per month for the six 
months, April to September inclusive, for the seven years 1889 to 1895 inclusive, 
that the wind movement was to 5, 6 to 10, 11 to 15, 16 to 20, 21 to 25, 26 to 30, 
31 and upwards miles per hour. 

TABLE III. Sevon-yoar means — 1889 to 1895, inclusive. 



Months. 


0-5. 

116 
116 

120 
144 

178 
166 


6-10. 


11-15. 


16-20. 


21-25. 


2»-30. 


SI and 
upwards. 


April 


175 
195 
1M7 

218 

2:«) 

182 


157 

168 
139 
176 
152 
152 


113 
120 
111 
117 
99 
93 


76 
74 
86 
57 
62 
75 


43 
39 

23 
18 
34 


40 


May 

June 


32 
28 


July 


9 


August 


5 


September 


18 






Sums 


840 


1,187 


944 


653 


430 


206 


132 






Mean.s 


140 


198 


157 


109 


72 


34 


22 



It is seen from this table that the wind velocity is five miles or less per hour 
for 140 hours per month at this place. During this time neither of these mills 
will do any work, as neither will start in a five- mile wind. The velocity is from 
6 to 10 miles per hour for 198 hours per month. Mill No. 3 will start in about a 
seven-mile wind and hence will run about i of this time, or 158 hours. No. 11 
requires llj miles to start it and will do no work during this time. The velocity 
is 11 to 15 miles per hour for 157 hours during the month. No. 3 will work all 
the time and No. 11 about ^%, or 141 hours. Both mills are running for all higher 
velocities. Mill No. 3 will run (if in the wind) about 75 per cent, of the time at 
this place and No. 11 about 51 per cent, of the time. 



TABLE IV. 



Velocities. 




Mill No. 3 




MiU No. 11. 


Hours. 

15.S 
157 
109 
72 
34 
22 


Power. 


Product. 


Hours. 


Power. 


Product 


6-10 


.168 
.2:« 
.277 
.:«8 
.:«0 


10.6 
26.4 
25.1 
19.9 
10 5 
7.0 



140 
109 
72 
M 
22 


.00 
.19 
.40 
.56 
.63 
.64 





11-15 


26.8 


16-20 


43.6 


91-25 


40.3 


26-30 


21.4 


SI and UDwards 


14.1 






Totals 






99.5 






146.2 
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TABLE I. 



Name. 



I. L. Di(>seni(WoodraaD8ee Mo- 
gul) 

Carless (Aermotor) 

E. S. Austin (Ideal) 

Ella Homor (Aermotor) 

W.J.James (dera) 

O. V. Folsom (Aermotor) . . . 
J. C. Kitchen (Star) 

F. M . Dunn ( Aermotor) 

F. M. Dunn (Ideal) 

F. M. Dunn (Ideal) 

D. M. Frost (Ideal) 

Wm. Coulters (Aermotor) . . 

Jas. Allen (Gem ) 

Jas. Allen (HalUday) 

D. R. Menke(Gom) 

Fred. Pile (Ideal) 

W.E.Trell (Gem) 

W. T. Cowhick (Jumbo) 

J. E. Hunt (Halliday) 

Wm. Brown ( Fairbanks) 



12 ft 
12 ft. 

8 ft. 

8 ft. 

8 ft. 
12 ft. 
10 ft. 
16 ft. 

8 ft. 
12 ft. 
Uft. 
12 ft. 
10 ft. 
10 ft. 
12 ft. 

8 ft. 

12 ft. 

15^ 
12 ft. 

8 ft. 



Number of strokes per mile 

of wind when velocity is 

— miles per hour. 



H 12 16 30 25 30 



40 



23 



30 



92 



(lO 
62 
73 
94 
67 
59 

53 
125 

48 
59 
64 
45 
121 
48 

;ii4 

• 98 
45 
20 
107 
140 



57 

58 

6:i 

44 

128 
52 

102 
84 
44 
32 

112 

114 






^■ 



...12 



Number of strokes per 

minute when velocity is 

— miles per hour. 



H 12 16 20 25 30 



5.3 

28'. 
14 ". 
3'. 



5.2 
12.0 
10.2 
18.6 
12.4 
11.4 

;«.o 

10.6 
25.0 

4.8 
10.9 
11.0 

7.8 
22.6 

6.0 

20.2 
6.2 



14.0 
:.3 29.2 



16.0 
16.4 
19.3 
25.1 
17.9 
15 8 

u.i 

33.3 
12.7 
15.7 
17.1 
11.9 

3:^.9 

12. ft 

•26.1 

11.9 
5.3 

28.5 
37.3 



17.2 



28.0 

14.7 

10.7 
:37.3 

:S8.o 



23.3 
23.1 
28.1 
34.6 
25.4 
22.1 

i9".6 



*2:}.3 

21.5 
24.6 
14.6 

52.5 



27.5 

16.0 
5 
44.6 

as 



25.3 
'25.0 
25.0 
38.5 
28.5 
•23.5 

2i'.6 

25!6 

27!5 



TABLE I — Concluded. 



Number gallons pumped j)er hour 

when wind velocity is — 

miles per hour. 



25 



1.1311 
1.153 2,61Ci 
306 



101 
"76 



180) 



348 



57 



2,445 

108. 

1,749 

li^f 

64.KI 

1,8^0 

2,:m, 

8191 

1,017| 

76i>i 

879J 

1,1161 



3,480 
3,.-i67 
579 
1,31H 
l,047i 
3.:J87 



4,4151 
4.:S06 5,014 

7:»iii 84; 



1,28" 
4,075 



2,m 2,8.is 3,234 

167 
1,7141 2,:as 



2,70^ 3,312 
3,694! 4,. 536 
1,2,tOi 1,543 
1,526 1,922 
1,632| 2,206 

1,13.5| 1,218 

2,142 2,646 



945' 

ml 



795 

.924 

173 



1,817 
1,486 
4,740 



3,1.')0 
3,709 
5,314 
1,5;« 

2,:«2 



1,196 

2,880 



1.605 2,625 

2,518 3,010 
1771 ir)5 



5,503 
5,437 
750 
2,021 
1,667 
5,041 



3,465 



3,375 
5,940 



Useful work in horse-power * 

when wind vehxjity is 

— miles per hour. 



,067 



010 



012 



022 



002 



.085 
.151 
.015 
.053 
.02<» 
.160 
.014 
..T25 
.017 

.m 

.087 
.110 
.053 
.067 
070 

054 

085 



16 



.260 
.207 
.0L9 
.072 
.012 



I 



.322 
.2.50 

.aw 

.US6 
.051 



221 .266 



.4:» 
.02:i 
.325 
.125 
.171 
.082 
.103 
.149 
(.082) 
.070 
.162 

.047 

.121 
.007 



.448 

.032 
4.S1 
.153 
.210 
.101 
.130 
.202 
(.092) 
.076 
.201 

.095 

.159 

.008 



.379 
.291 
Am 
.099 
.059 
.309 



.601 



.600 
.172 
.247 
.099 
.159 



(.as8) 

.074 
.219 

.154 

.184 
.005 



.411 
.315 
.038 
.111 
.065 
.329 



644 



^ 


< 


t^ 


.-II 


5S 


;? 


g* 




^5d 






: ^5§ 










: c 






• pr^ 






: ® 






536.2 


69.4 


17.75 


415.3 


72.9 


13.75 


50.0 


36.1 


12 


94.9 


33.7 


13 


77.6 


:«.9 


9.60 


461.9 


72.8 


15.. 50 


15.0 


59.8 


•M 


1,013.3 


133.6 


44.25 


22.8 


42.0 


Si 


843.7 


75.3 


45 


26:^.5 


ia^.6 


11 


330.0 


72.8 


11 


219.0 


47.3 


15 


100.0 


61.3 


16 


385.0 


75.8 


21.75 


89.2 


42.0 


14.75 


4.50.0 


77.6 


18 


291.2 


73.6 


14) 


141.5 


69.7 


15 


.5.5 


30.2 


8i 






98x12 

9Axl2 

52x8 

6x8 

6Ax8 

9^x12 

3x5 

8x16 

2ix6 

75x12 

9ixl2 

10x12 

7x8 

6x8 

8x12 

5ix8 
10x10 
Two. 
6x12 
78x7 
2U4 



•Inside diameter of cylinder by len^^th of stroke. 

Columns 2 and 5, table IV, give the number hours during the month that 
each mill was running with wind velocity 6 to 10, etc., miles per hour. Columns 3 
and 6 give the horse-power for the mean velocity. For example, .168 is the 
horse-power for No. 3 at 13 miles per hour, and .19 is the horse-power for No. 11 
for the same velocity. Columns 4 and 7 give the product of the number hours 
and horse- power. The sums of these products give the horse-power that each 
mill is yielding during the month. It is seen that No. 11 is doing 31 per cent, 
more useful work than No. 3. j 
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Fig. 1. 

Showing relation between number of strokes of pump per mile of wind and wind 
velocity, for mills Nos. 3, 11, and 20. 
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Fig. 2. 

Showing relation between horse-power and wind velocity, for mills Nos. 2, 3, 11, 19, 

and 21. 
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Power. 

By M. B. TOMBLIN. 



Only within tlie past few years has the water supply for irrigation pur- 
poses in this country been derived from any other source than diversion from 
streams or reservoirs by gravity. 

While the people of Egypt, India and China have for several centuries 
employed some form of power for lifting water for irrigation purposes, and 
have brought under successful cultivation several millions of acres of arid 
land, yet the primitive methods employed by these people have not until re- 
cently seemed to offer any lesson that could be profitably studied by the 
western irrigator. 

In the United States, throughout the arid and semiarid regions, isolated 
pumping plants for irrigation purposes have been successfully operated by 
individual irrigators, but in our own state not until within the past few years. 
From the success of the farmers along the Arkansas river, particularly in 
the vicinity of Garden City, has attention been directed to the fact that irri- 
gation was practicable to a greater or less extent throughout a large portion 
of the state. 

The fact that a very large portion of the waters available for irrigation 
purposes in this state lie where their diversion by gravity is not practicable, 
makes the problem of their successful utilization simply a matter of power. 

Section 5 of the act under which this Board was, created confined its 
investigations almost entirely to the uplands, and the actual experience of 
the Board has been, therefore, limited to deep-well pumping. In this field 
there was no precedent to follow. While a few deep wells, affording consider- 
able quantities of water, had been sunk in various parts of western Kansas 
by the several railroad companies whose lines cross the state, they were 
sb isolated and the demand made on these wells so different from that of a 
well used to supply water for irrigation purposes, that but little information 
of value could be derived from them. 

In considering the question of power best adapted for lifting water for 
irrigation purposes on the uplands, the Board has only considered the question 
as it affects the individual plant, leaving for further investigation the problem 
of the successful application of water to larger areas. 

STEAM. 

In the consideration of steam as a motive power for operating pumps in 
deep wells, the investigations of the Board were not pursued very far until it 
became apparent that a steam pumping plant for the small irrigator on the 
uplands could not, under the conditions surrounding the farmers of western 
Kansas, be operated at a profit. 

From reliable information furnished by the Santa Fe and Rock Island 
railroad companies, and from the engineers operating various city water- 
works (notably that at Goodland), the average cost of raising water by steam 
runs from 5 to 10 cents per thousand gallons, varying according to the height 
of the lift. The average on the Santa Fe being much lower for the reason 
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that their lines, where the greatest quantities of water are used, follow the 
valley of the Arkansas river, and consequently a very low lift is secured. The 
Rock Island, whose lines follow along the divide and higher lands of western 
Kansas and who are consequently obliged to secure their water from greater 
depths, shows a corresponding Increase in cost of water. 

The report of the engineer of the city water-works at Goodland was 
selected for the reason that at this point is located the largest deep-well 
pumping station in western Kansas, and from the fact that the plant Is oper- 
ated only for the purpose of supplying water for the city; the facilities are 
the best for obtaining, under favorable conditions, the closest figures as to cost 
of pumping. 

The cost per 1,000 gallons at Goodland is about 5 cents, or $16.30 per acre 
foot. The pump would supply, if operated 365 days of 10 hours each, about 
91 acre feet a year. The water lift here is in the neighborhood of 200 feet, 
including lift into tank, and it is fair to assume that the same power, with 
larger pumps, would at 100 feet elevate twice the amount of water at about 
the same cost, therteby reducing the cost per acre foot to |8.15, and supply- 
ing in a year 182 acre feet of water. The reverse would not be true, that with 
half the water lift, the same pumps would lift the same amount of water for 
half the cost, for the element of operating expenses, outside of fuel, would be 
about the same in each case, and this factor seems to make prohibitive the 
use of steam in lifting water on the uplands for irrigation purposes for the 
small farmer. This calculation did not take into consideration interest on 
the cost of the plant. In this Instance, $3,000 would be a fair figure to consider 
as the cost of plant equipped to do this work. On low lifts, where large 
quantities of water are to be used, steam can be profitably employed, but 
on the uplands, for irrigation purposes, there is little reason to believe its 
use will become general, outside of specially valuable crops. 

GASOLINE. 

In considering this power the Board found an unexplored field, and so 
far as could be learned no deep-well pumps of large capacity were In operation. 
A contract was let to Fairbanks, Morse & Co., of Kansas City, for a gasoline 
pumping plant to be erected at Sherman county station No. 4. A cut of this 
plant may be seen on page — . It operates a 6-inch Cook pump in a 10^- 
foot tubular well, with a water lift of 133 feet. As will be seen by report of 
W. G. Russell, C. E., ante, this engine pumped 787,600 gallons in 208 hours, 
using 265 gallons of gasoline. With gasoline at 13^/^ cents per gallon, the 
cost per acre foot is about $15.20. 

After making these tests the engine was removed to Logan county station 
No. 5, at Oakley, where the lift was about 100 feet. Here a larger pump was 
to be operated and it was hoped better results could be obtained. In 415 hours 
the pump lifted 1,007,025 gallons, using 388.62 gallons of gasoline. This, with 
gasoline at 13 ^^ cents per gallon, would make the cost about $14 per acre foot. 
In calculating the cost of water at Goodland and Oakley, it will be observed 
that freight on gasoline from Kansas City, oil, waste, and repairs, and salary 
of engineer, were not taken into consideration. These items would add very 
materially to the cost and would vary in every locality according to circum- 
stances. The claims of the manufacturers that gasoline engines require no 
attention are to be taken with many grains of allowance when applied to 
deep-well pumping plants. 

Why the cost for lifting water at Oakley should not show a wider differ- 
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ence frurn that at Goodland is not clear, but we suspect was due to greater 
efficiency of the pump at Goodland, owing to the fact that the strainer throu^rh 
which the water passed into the pump was located in very coarse gravel, while 
at Oakley the conditions were not so favorable. 

Owing to the unsatisfactory working of the machinery, these tests were 
not as favorable as they might have been, and in our opinion gasoline en- 
gines, under more favorable conditions, would show a somewhat lower coat. 

WINDMILLS. 

In the consideration of this power the Board found a more promising field 
for investigation. Already the pioneer irrigators of the state were, on the 
lower lands, successfully employing the windmill In raising water for irri- 
gaticn purposes. On the uplands the farm windmill, after doing duty in 
supplying water for domestic and stock purposes, in many instances pumped 
the water to irrigate a small garden or a few trees. 

When the Board commenced its investigations there were but very few 
large irrigating plants on the uplands. They had been constructed but a 
short time and their machinery had not been tested, and whether strong 
enough to withstand the heavy demands of deep- well pumping remained to 
be determined. The experience of the pioneer irrigators had demonstrated 
that the ordinary farm windmill was not strong enough to meet the demands 
of irrigation pumping, and already the leading manufacturers were in the 
field with heavier-constructed mills built expressly for this work. The Board 
purchased of the leading manufacturers or their agents, six different patterns 
of mills. Most of these mills were of recent design, built especially for irri- 
gation work, and had not at this time reached the stage of perfection attained 
by the old farm mill on the work for which it was designed. These heavier 
mVU require much more attention, and neglect occasions much more serious 
consequences. They are built to work in high wind velocities, and conse- 
quently at times are required to do many times the work required of them 
ordinarily. At such times the breaking of a bolt or a casting is almost cer- 
tain to result in a wreck, more or less serious. 

To safely utilize a high wind velocity and to ascertain the best proportion 
between power and pump are problems which when solved will add a very 
large per cent, to the efficiency of both mill and pump. The manufacturers 
are studying the question, but principally at the expense of the farmer who 
owns the mill or pump. 

The reports of Professors Hood and Murphy clearly indicate the necessity 
of further scientific investigation. 

Referring to Table I, page — , Professor Murphy's report, well No. 9 has a 
water lift of 44.25 feet, the pump cylinder, 8-inch, operated on a 16-inch stroke, 
the power a 16-foot steel back-geared wheel. Well No. 11 has a water lift 
of 45 feet, the pump cylinder 8 inches, operated on a 12-inch stroke, the power 
a 12-foot steel back-geared wheel. 

It will be noted that the lifts in these wells are virtually the same; the 
cylinders are of the same diameter, but No. 11 uses a 16-inch stroke while 
No. 9 uses only a 12-inch stroke, the former pumping one-third more water 
at each stroke and requiring the same proportion of additional power to 
operate. No. 9 is operated by a 16-foot steel back-geared wheel and No. 11 by 
a 12-foot steel back-geared wheel. No. 9 is the old pattern farm mill, en- 
larged, and not intended to utilize high wind velocity. No. 11 is a mill built 
for irrigation work, and with heavy castings and machinery built to work 
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iQ Bti-ong winds. Neither mill will work in an eight-mile wind; in a 12-mile 
wind the 16-foot wheel pumps 1/749 gallons and the 12-foot wheel 684 gallons 
per hour. In a 16-mil*e wind the 16-foot wheel pumps 2,326 gallons while the 
1 2-foot wheel pumps 1,714 gallons. A 20-mile wind shows the 16-foot wheel 
lifting 2,838 gallons and the 12-foot 2,538 gallons. The 30-mlle wind shows 
only a difference of 90 gallons per hour in the work of the mills. 

If the 16-foot wheel had been constructed with sufficient strength, and 
so adjusted to have faced the same winds as the 12-foot wheel, there is no 
reason why the ratio of water lifted and power developed should not con- 
tinue the same throughout the different wind velocities. . 

At station No. 4, Goodland, and station No. 9, Haskell, were employed 
wooden mills, both 25 feet in diameter, the one at Goodland being what Is 
termed the solid wheel, and the one at Haskell open or sectional. These 
mills are termed railroad mills, and give good satisfaction. They are much 
more expensive, and the same-sized wheel develops much less power than 
the back-geared steel wheel. The manufacturers claim in their favor much 
greater durability, a claim which the Board is Inclined to f&yor. Yet very 
much more power can be purchased for the same money by employing a steel 
back-geared wheel, and with the care and attention a mill should receive, 
we hardly think the increased cost compensates for the possibly grreater dura- 
bility. 

In choosing a mill for irrigation purposes, one designed especially for 
this work should be selected, and of the latest improved pattern, the effi- 
ciency of which has been subjected to actual test. Improvements are con- 
stantly being made as actual work in the field demonstrates their necessity, 
and there is no reason to doubt that in the near future irrigation mills will 
be built able to utilize reasonably high wind velocities and at the same time 
govern and regrulate themselves and require as little attention as should be 
given to the ordinary farm mill. 

We give a table, showing size of wheel to employ in operating a cylinder 
of given diameter and capacity per stroke, lifting water from 5 to 200 feet, 
which will be found approximately correct. 

TABLE showincT relation between windmill and pump and capacities of cylinders. 





lO-foot 
back-geared. 


12-foot 
back-Keared. 


14-foot 
back-ffoared. 


16-foot 
back-geared. 


Water lift. 


Size of 
cylinder. 


GallonH, 
lO-inch 
stroke. 


Size of 
cylinder. 


Gallons, 
12-inch 
stroke. 


Size of 
cylinder. 


Gallons, 
14-inch 
stroke. 


Size of 
cylinder. 


Gallons, 
16.inch 
stroke. 


5 


13 

v^ 

3 

2H 


5.7 

2.4 

1.8 

1.6 

1.2 
.85 
.54 
.41 
.3 
.25 
.21 
.17 
.12 


17 
12 
10 

8V, 
7H 

4 

•s% 

3S4 
3 

2H 


11.8 
5.3 
4 

2.9 
2.3 
2 
.82 
.82 
.65 
.5 
.44 
.36 
.3 


22 
15 
13 
11 
10 

8^ 

7 

5 

4H 
4 

'i% 
3>4 


19.6 
11 
8 

5.75 

4.76 

3.43 

2.33 

1.42 

1.19 

.96 

.76 

.66 

.58 


25 
19 
15 
14 
12 
10 

6 

5V4 
5 

4H 
4 


34 


10 


19.63 


15 


12.24 


30. ;. 


10.66 


25 


7.83 


:« 


5.44 


50. 


3.99 


75 


2.66 


100. 


1.9ft 


125 


1.64 


ISO 


1.36 


175 


1.10 


200 


.87 



These conclusions are based on the most reliable data available, and are 
confirmed by our experience with and observation of mills at work in various 
parts of the state, and sustained by the investigations of Professor Hood. It 
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should be remembered that this table contemplates the use of modem built 
steel back-geared mills designed for irrigation work, and not the ordinary 
farm windmill. While undoubtedly some mills will operate larger pumps. 
it is believed that this table gives a proportion of power to pump that will 
prove generally satisfactory. As indicated by the report of the weather 
bureau at Dodge City, from records showing the average for the last 22 years, 
the average wind velocities during the months of March, April, May and 
June are something over 13 miles per hour. It is fair to assume that this 
high average is maintained by short periods of high velocities, which the 
farm windmill is not built to utilize. With a farm mill built to utilize high 
velocities, it is evident very much more favorable results will be obtained 
in the quantity of water lifted. The capacity per stroke, as given in the 
table, is computed on the longest stroke of the mill, as in all instances where 
the power is sufficient a pump should work on the longest stnAe. 
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Stream Measurements. 



Very soon after the organization of the Board negotiations were 
opened with the United States Cleological Survey for its coopera- 
tion in the work of measuring the water annually flowing in the 
streams west of the l)8th meridian. Through correspondence with 
l*rof. F. H. Newell and personal interviews between Mr. A. C. Davis 
and our Secretary an arrangement was effected for this work, by 
the terms of whi(!h the federal government was to put in and main- 
tain at its own expense seven measuring stations, as follows: 

At Beloit, for the measurement of the Solomon river. 

At Beverly, for the measurement of the Saline river. 

At Ellsworth, for the measurement of the Smoky Hill river. 

At Hutchinson, for the measurement of the Arkansas river. 

At Arkalon, for the measurement of the Cimarron river. 

At Kiowa, for the measurement of the Medicine river. 

Also to furnish all necessary implements and instruments, and 
employ skilled civil and hydrographic engineers to take charge of 
the stations, leaving the state board to employ and pay a man at 
each station to take the daily readings of the depth of the water, at 
an expense of %") per mouth for each station. 

It is estimated by competent authority that the \ydvt taken in this 
stream measurement by the irnit(»d States government for the two 
years which the Board lasts, if und(M*taken by the state board on 
its own responsibility, would cost a very large pr<»j)ortion of its 
appropriation. 

Duplicate reports of the observations at these stations are fur- 
nished to the United Stat(»s government and to this Board. 

The persons taking the daily readings are called observers, and 
have been paid by our Board at the rate of $5 per month each until 
Xov(»niber 1, ISJKJ. Since whi<*li time United States (Geological 
Survey has assumed the entire ex[)ense of the work. The total 
sum expended by this Board on account of this work is |541.51. 
Tli(*se reports have been tabulated by Mr. W. G. Russell, civil and 
hydrographic engineer, who has general charge of the stations. 
His report to our Board is liere given in full. 



REPORT OF W. G. RUSSELL, C. E. 

I herewith submit a report of the measurements of the flow of water in the^ 
Republican, Solomon, Saline, Smoky Hill, Arkansas, Cimarron and Medicine 
rivers, of which I hjid charge as hydrographer for the Unit(xl States geological 
survey. 

A gaging station is first established on each river, and a correct gage, grad- 
uated to feet and tenths, is put in the river and a reliable man secured at each 
station who reads and records the gage height twice each day, and at the end of 
each week copies of these readings are sent in, one to the Board of Irrigation and 
one to me. From these the computations of daily flow are made after a sufficient 
number of meter readings are taken to construct a rating table. As ofte 
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poesible these stations were visited by me and measurements of volume of flow 
taken with a current meter, and a rating table was constructed from these for 
•each station, from which the volume of discharge for each gage reading is taken. 
The results are for a period of 18 months, beginning July 1, 1895, and ending 
December 31, 1896, except for the Cimarron and Medicine rivers, which end 
October 31, 1896, a period of 16 months. Each station on each river, except the 
Republican, was established as near the 96th meridian as possible, taking into 
account adaptability, access, etc., in order that results of measurements would 
cover the same territory in which the State Board of Irrigation was conducting 
its experiments. 

JUNCTION CITY STATION, REPUBLICAN RIVER, 

This station was established April 26, 1895, by Mr. Arthur P. Davis. It is 
located at the wagon bridge at the north end of Washington street. Junction 
City, Kas., and is near the junction of this river with the Smoky Hill, forming 
the E^ansas river. The measurements therefore give the run-off of the Republi- 
can basin. The observer is John Davis, living near the station. The gage con- 
sists of two oak timbers 4x4 inches, one inclineid, the other nearly vertical. The 
former is bolted to a post driven into the bed of the river and bolted and braced 
to a Cottonwood tree ; the vertical portion is spiked to the same tree. 

The scale is painted on pine boards, firmly nailed to the oak timbers. The 
inclined scale is marked in tenths of a foot from 1 foot to 10 feet, and the vertical 
portion from 10 feet to 27 feet. The bench mark consists of a 60-pennj nail 
driven into the base of the tree at an elevation of 10.67 feet on the scale. 

A subsidiary gage has been placed 507 feet upstream. It consists of a vertical 
oak stick with a painted scale nailed to it and referred to the same datum as the 
lower gage. 

The difference of these two readings gives the slope of the river for this distance. 

The initial point for soundings is on the right bank at the end of the bridge. 
The channel above the station is straight for about 100 feet, and below the sta- 
tion for about 300 feet. The right bank is high and is not likely to overflow. 
The left bank is low and sandy and may be overflowed in high water. The bed 
of the stream, especially from the center to the left bank, is sandy and shifting. 

The measurements of discharge and daily mean gage height and discharge in 
second feet are given in the following tables : 

List of discharsre measurements made on Republican river, at Junction City, Kas. 



No. 


Date. 


Hydrographer. 


Meter 
num- 
ber. 


Gage 

height 
(feet). 


Area of 

section 

(square 

feet). 


Mean 
velocity 
(feet per 
second). 


Dis- 

charge 

(second 

feet). 


Remarks. 


1.. 
2.. 


1895. 
Apr. 27 
Aug. 20 


A. P. Davis 


28 


3.00 




1.52 


219 


Haskell meter. 


W.O. Bupsell... 


28 


4.75 


76i ■ 


2.72 


1,911 




3.. 


Oct. 11 


A. P. Daris and 


















W.G. Russell.. 


61 


2.57 


144 


1.95 


281 


Price meter. 


4.. 


Not. 11 


W.G.Russell... 


28 


2.60 


147 


1.95 


286 


Haskell meter. 


5 


Dec. 13 




28 


2.95 


187 


2.02 


378 


• 4 14 


6.. 


•• 27 

1896. 

Jan. 15 




28 


3.18 


187 


2.38 


447 


4 1 ti 


7.. 




28 


3.50 


263 


1.91 


501 


4. 


8. 


•• 27 




28 


3.12 


235 


1.74 


410 


44 4 1 


9.. 


Feb. 10 




28 


8.70 


321 


2.32 


745 


•• '• 


10.. 


Apr. 16 
May 14 




28 


6.50 


1.000 


3.62 


3,621 


44 (. 


11.. 




28 


5.75 


953 


3.29 


3,135 


44 4t 


12.. 


June 16 




28 


3.90 


599 


1.86 


1,116 


44 4. 


13.. 


" 27 




25 


4.30 


518 


2.87 


1,488 


4 4 4 t 


U.. 


July 11 




28 


4.20 


440 


2.61 


1,150 


44 « t 


15.. 


Aug. 12 




28 


355 


389 


2.22 


866 


4 4 ( » 


16.. 


*• 28 




55 


4.00 


428 


2.63 


1,126 


Price 


17. 


Sept.19 




55 


4.90 


515 


3.31 


1,706 


44 «4 


18.. 




55 


280 


147 


2.64 


388 


44 «» 


19.. 


Oct. 20 




55 


2.75 


186 


1.91 


355 


44 44 


20.. 


'* 28 




55 


2.80 


219 


1.58 


347 


44 44 


21 


Noy. 17 




55 


3.30 


268 


2.22 


594 


4. 4 4 


22.. 


Dec. 10 




55 


3.50 


310 


1.78 


551 


44 4. 
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BELOIT STATION, ON SOLOMON RIVER. 

ThiB Btation was established April 22, 1895, by Mr. Arthur P. Davis, at the 
wa^on bridge on the south edge of the town of Beloit, Kas. 

The first gage was an inclined oak timber bolted to a post and to a buried 
log, marked from 2 feet to 5.3 feet, the scale being continued on the iron bridge 
pior. This timber gage having been carried away by high water, a new gage 
was constructed by me and spiked to the floor of the bridge in a horizontal posi- 
tion, and the reading is taken by a sash-weight attached to a small brass chain 
lot down to the water surface, and the lower edge of a ring on the chain giving 
the proper gage reading. This gives good results and is very easy of construc- 
tion and is always in sight and ready for use. no matter how high the water, 
unless over the bridge. The bench mark is a 10-penny nail driven into the base 
of a Cottonwood tree .% feet northwest of the pier upon which the marks are 
miide. Its elevation, 13.70 feet. Discharge measurements are made from the 
from the bridge, the initial point being on tne left bank at the south edge of the 
stone abutment. 

The channel above and below is straight for about 200 feet. Both banks are 
high and not likely to overflow. The bed of the stream is gravelly, but has been 
changed considerably, during the year, by dredging. In the case of this stream, 
it is a matter of considerable difficulty to obtain accurate data for computations 
of the mean daily discharge, as there are a large number of mills located along 
the stream, each of which backs up the water for a considerable distance and 
holding the water until a sufficient amount accumulates to overflow. During 
the day the mills run irregularly, sometimes with one wheel or more, and thus 
rapid fluctuations occur. Readings are taken twice each day, and it is assumed 
that by averaging these the errors through a month or season will balance each 
other, and fairly represent the height of water, from which the discharge can be 
estimated. 

The following tables give the discharge measurements and the daily gage 
heights and daily discharge measurements : 





List of discharge mea.Mareinent^ made on Solomon river 


. at Beloit 


. Kas. 


X<i. 


Date. 


Hydrograplier. 


Meter 
num- 
ber. 


Ga^e 
lioifflit 

(feet). 


Area of 
section 
(square 


Moan 
velocity 
(feet iwiT 


Dis- 
charge 
(second 


Remarks. 








feet). 


second). 


feet). 






1885. 
















1 


Apr. 20 
Au«r. 19 


A. P. DaviH 

W.G. Rus.<«U... 


28 
28 


2.9U 
3.27 




1.60 
1.64 


148 
195 


Haskell meter. 


2.. 


■ "'ii9' ■ 




3.. 


Oct. 31 




3 


2.10 


24.6 


.:» 


8 


Priop ;; 


4 . 


Nor. 1 




3 


2.9:^ 


68 


1.24 


78 




5 . 


I>ec. 13 




28 


2.85 


91 


1.19 


109 


HaskeU •; 


H . 


- 27 
1896. 




28 


2.80 


98 


1.07 


105 




•7 


Jan. 14 
*• 14 




28 
28 


1.90 
2.75 






5 
115 


Estimated. 


«.. 


......... 


""i.bi 


Haskell meter. 


9.. 


'• 31 




28 


2.65 


102 


1.22 


125 




10.. 


Feb. 12 




28 


2.75 


109 


1.13 


123 


< t It 


11 . 


Aor. 17 
May 14 


«t 


28 


4.58 


325 


2.26 


734 


4 1 It 


12.. 




28 


4.a'» 


:«2 


2.12 


6:« 


<4 < ( 


13.. 


June 5 




28 


4.80 


:«8 


1.95 


756 


1 i < ( 


14.. 


- 27 




28 


4.05 


251 


.83 


209 


t i (( 


15.. 


July 9 




28 


4.25 


300 


1.18 


353 


i« < 4 


16 . 


AuK. 12 




28 


4.20 


281 


.93 


261 


14 44 


17.. 


•' 28 




55 


4.15 


277 


.79 


220 


Price 


18.. 


Sept. 19 




56 


3.90 


194 


69 


135 


44 4 4 


19.. 


• • 30 




55 


3.40 


168 


.53 


88 


44 4 1 


20.. 


Oct. 20 




55 


3.10 


143 


.61 


87 


4 4 4 4 


21.. 


•* 28 




55 


3.00 


138 


.61- 


84 


4 4 44 


22.. 


Noy. 17 




Z& 


3.00 


181 


.53 


96- 


4 4 44 


23.. 


Dec. 11 




55 


3.10 


169 


.55 


94 


14 4 4 
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BEVERLY STATION. ON SALINE RIVER. 

This station was established April 18, 18d5, by Mr. Acthur P. Davis, at the 
iron highway bridge one -half mile southwest of town. The first observer was 
Chas. Reid, who removed, and Jerome Wilson was appointed and is still acting. 
The first gage was destroyed by high water, and a second was put in on wooden 
trestles ; it is an inclined timber, ^graduated in feet and tenths up to 17 feet, and 
graduations are continued on the iron bridge pier on the south side. The bench 
mark is the top of the lower iron strut connecting the piers and at down-stream 
end. Its Elevation is 18.95 feet above the zero of the new rod. The channel is 
muddy and shifting, and the high water of July 4, 1895, lowered the bottom of 
the river. The following tables give the discharge measurements made here and 
the daily gage height and discharges : 





Li8T of discharge measuremeuts made ou Saline river, at Beverly 


. Kas. 










Meter 


Gage 
height 
(feet). 


Area of 


Mean 


Dis- 




Na 


Date. 


Hydrographei 


r. num- 
ber. 


section 
(square 


velocity 
(feet per 


charge 
(second 


Remarks. 










feet). 


second). 


feet). 






1895. 
















1.. 


Apr. 18 


A.P.Davis... 


28 


1.50 


16 


1.31 


22 


Haskell meter. 


2.. 


June 8 


W. G. BusaeU 


3 


9.90 


448 


2.77 


1,238 


Price ;; 


3.. 


July 22 




3 


6.10 


129 


1.76 


226 




4.. 


Aug. 22 


'* * • 


3 


4.70 


SO- 


1.52 


76 


* ' •* 


5.. 


Sept. 21 


t ( II 


3 


3.85 


SO 


.42 


18 


II it 


6.. 


Nov. 12 


II II 


3 


4.30 


52 


1.09- 


56 


II 1 1 


7.. 


Dec. 14 


• 1 1 i 


28 


4.60 


59 


1.19 


TO 


Haakell '* 


>.. 


" 28 
1896. 


.. 


3 


4.10 


44 


.57 


25 


Price 


9.. 


JaD. 16 


W. G. Russell 


2« 


4.1U 


47 


.69 


:H 


Haskell meter. 


10.. 


•• 28 




28 


4.05 


40 


.77 


31 






11.. 
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i I li 


28 


4.25 


48 


.96 


46 


* 
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May 15 


• ' • • 


28 


9.70 


249 


2.79 


669 


* 




13.. 


i I It 
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5.75 


112 


1.83 


204 


* 
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1 i 1 ( 
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2.69 


674 


♦ 




15.. 


July 11 


II II 


28 


7.50 


174 


2.82 
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* 
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1.23 


•96 


1 1 it 
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4.60 
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1.00 


76 


Price 


1».. 
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55 


4.40 


73 


.78 


56 


It It 


19.. 


Oct. 21 




55 


4.30 


70 


.69 


48 


it iC 


20.. 


Nov. 5 




55 


4.90 


88 


1.22 


107 


(I 41 
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ELLSWORTH STATION, ON SMOKY HILL RIVER. 

This station was established April 17, 1895, by Mr. Arthur P. Davis, of the 
United States Greological Survey, for the purpose of obtaining the discharge of 
this river near the|d8th meridian. 

It is at the] highway bridge on Douglas avenue, Ellsworth, Kas. The ob- 
server is Robert Martin, who lives about 100 yards north of the bridge. The gage 
consists of an inclined ash timber spiked to a post driven into the bed of the river, 
and marked from 1 foot up to 4.5 feet and the scale is continued on the bridge 
pier. Discharge measurements are made from the bridge. The bench mark con- 
sists of a nail driven in the base of a large box-elder tree near the southeast comer 
of the bridge, 90*feet from the gage. It is 13.07 feet above the zero of the rod. 
The channel is nearly straight both above and below the bridge, but the banks 
are low and liable to overflow. The bed of the stream is sandy and shifting, tend- 
ing to deepen towards the left bank ; in fact in July, 1896, the channel had left 
the main gage and a second gage 4 feet long was put in at the middle bridge pier, 
90 feet north of the other. A second gage was established October 23, 1895. It 
was fastened to the down-stream pile of the fourth bent from the south end of 
the ' Frisco railroad bridge, west from the old gage 2,536 feet, being referred to the 
same elevation as the old gage. The difference of water height October 23, 1895, 
was 1.44 feet, the slope being 0.000568. 

The following tables give discharge measurements and daily gage heights and 
discharges : 





List of discharge measurements made on Smoky Hill river, 


at Ellsworth, Kas. 








Meter 


Oage 
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t 1 44 


6.. 


Oct. 2:^ 
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Price, larpe. 
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HUTCHINSON STATION, ARKANSAS RIVER. 

This station was established May 13, 1895, by Mr. Arthur P. Davis, of the 
United States Geological Survey. It is at south end of Main street, at the wagon 
bridge, Hutchinson, Kas. The observer is Daniel Lauer, who lives in the imme- 
diate vicinity. The gage consists of an oak timber painted white spiked to the 
oak pile of a triangular pier. It can be read from the bridge. The first bench 
mark is the upper cross-piece of the triangular pier. Its elevation is 8.35 feet 
above zero. A second bench mark is the top of the iron door-sill in the first 
brick building. Its elevation is 8.12 feet above zero. 

Measurements of discharge are made from the bridge, or at very low water 
may be made by wading. 

The following tables give discharge measurements and daily gage heights 
and discharges : 





List of discharge measnrementH made oli Arkansas river, at Hutchinaont Kaa. 
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ber. 


Iff 


Area of 

section 

(square 

feet). 


Mean 
velocity 
(feet per 
second). 


Dia- 
charge 
(second 

feet). 


Remarka. 
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KIOWA STATION, MEDICINE RIVER. 

This station was established May 6, 1895, by Mr. Arthur P. Davis, of the 
United States G^logical survey, and is located at the wagon bridge 3^ miles • 
east of the center of the town of Kiowa, Barber county, Kansas. The observer 
is J. M. Fisher, living about three-fourths of a mile from the bridge. The gage 
is a vertical oak plank fastened by spikes to a pile of the bridge bent. This is 
painted and graduated from 0.8 foot to 13.3 feet. The mark 11.1 of this scale is 
at the same elevation as the top of the plate or cross-timber resting on top of the 
piles to which the gage is fastened; that is, the first pier counting from the 
south. Measurements are made from the bridge at high water and by wading 
at low water. The bed of the stream is wide and consists entirely of sand, and is 
very changing. This station was discontinued October 31, 1896. 

The following tables give discharge measurements and daily gage heights 
and discharges: 



List of dischargre mea.suremeuts made on Medicine river, at Kiowa, Kas. 



No. 


Date. 




1895. 


1.. 


May 6 


2.. 


June 21 


3.. 


July 25 


4.. 


Sept. 1 


5.. 


Oct, 29 


6.. 


Dec. 21 




1896. 


1 .. 


May 22 


8.. 
9. 


AW J 


10.. 


** 10 


U.. 


•* 18 


12.. 


•• 22 


13.. 


" 28 


14.. 
15.. 


Sept. 21 
^* 28 


16.. 


Oct. 5 


17.. 


•• 12 


18.. 


•• 19 


19.. 


•• 28 


20.. 


" 29 



Hydro^rapher. 



A. P. Davis.... 
W. G. Russell . 



W. G. RuBpell. 
J.M.Fisher... 



Meter 
num- 
ber. 



Gage 
height 
(feet). 



2.35 
2.40 
3.20 
2.60 
2.40 
2.65 

3.62 
2.50 
2.40 
1.90 
1.80 
1.70 
1.40 
2.50 
2.10 
2.20 
2.40 
2.30 
2.80 
3.00 



Area of 

section 

(square 

feet). 



49 
173 
38 
23 
45 

111 

:« 

28 

5 

2 

1— 


31 

6+ 

9+ 
23 
17 

61- 
105 



1.15 
.75 
.78 

1.00 
.92 

1.12 

1.23 



Dia- 
cliarffe 
(second 

feet). 



22 
66 
294 
40 
15 
54 

126 

34 
32 

4 
1 



36 
5 
7 

23 
15 
68 
I'M 



Remarks. 



Price meter. 



Price meter. 
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ARKALON STATION, CIMARRON RIVER. 

This station was established by Mr. Arthur P. Davis, May 14, 18d5, at the 
bridge of the Chicago, Rock Island & Pacific railroad, one-half mile north of 
Arkalon, Seward county, Kansas. This was the most accessible point at which 
the stream has a clearly defined channel above the diverting ditches. The ob- 
server is G. W. Seiver, the railroad agent at Arkalon. The gage is a vertical 
plank fastened to the pier of the bridge, under the north side. Measurements 
can be made from the bridge at high water, and at usual stages more conveniently 
done by wading. The bench mark is the top of the sill at the northwest corner 
of the windmill tower of the railroad water- tank. Its elevation is 14.43 feet. 
This station was discontinued October 31, 1896. 

The following tables give the discharge measurements and the daily gage 
heights and discharges: 





List of discharge meaHuremonts made on Cimarron river 


, at Arkalon, Ka?. ^ 


No. 


Dato. 


Hydro^rapher. 


Meter 
num- 
ber. 


heifa:ht 
(feet). 

2.50 
2.70 
7.00 

2.m 

2.35 


Area of 

section 

(square 

feet). 


Mean 
velocity 
(feet per 
second). 


Dis- 
charge 
(second 
feet). 

17 
16 
319 
16 
16 


Remarks. 


1 


1895. 
May 14 
Juno 24 
July 23 
Auk. 29 
Oct. 3 


A. P.Davia 

W. G. Rusflell... 


3 
3 
3 
3 
3 




1.31 

1.30 
1.79 
1.55 

.98- 


Price meter. 


2.. 
3.. 
4.. 
5.. 


13 

178 
10+ 
16 
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Table showing tlie mean monthly flow in cubic feet per second of each of tlie rivers mentioned 

in this report. 



Month. 


Smoky 
Hill at 
Ells- 
worth. 


Saline at 
Beverly. 


Solomon 

at 

Beloit. 


Repub- 
lican at 
Junction 
City. 


Arkansas 
at Hutch- 
inson. 


Cimar- 
ron atAr- 
kalou. 


Medi- 
cine at 
Kiowa. 


1S95, 
July 


44,582 

5,750 

1,316 

567 

526 

523 


17,802 

3,127 

1,153 

843 

975 

1,0I«) 


68,2.^6 
!)0,493 
4,679 

684 
3,541 


55,814 
98.942 
16,265 
7.729 
8,458 
12,163 


119,304 
84,069 
11,252 
1.745 
1.293 
2.202 


4,613 
987 
501 
525 
512 
539 


6,270 
917 


August 


September 

October 


591 
451 


November 

December 


1,476 
806 


Totals 


^,264 


24,9:» 


128.521 


199,371 


219,865 


7,627 


9,511 


January 

February' 

March 


776 
762 
546 
3,904 
1.914 
9,377 
7,138 
3,553 
2,164 
1.659 
1,631 
1,043 


1,622 
1,476 
1,509 
4.535 
9,692 
68,730 
8,859 

3,:«» 

1,739 
8,068 
2,249 
1.781 


2,720 
2,995 
2,903 
49,725 
13,313 
25,547 

:«,:«5 

10,964 
3,911 
9,347 
2,293 
2,855 


13,889 
21,917 
15,624 
42,407 
65,843 
41,101 
114,003 
27,673 
20,011 
14,723 
19,651 
25,122 


13,192 
10,074 
4,7a5 
3,859 
1,666 
4,927 
7,786 
2,1*25 
795 
1,625 
2,370 
1,600 


555 
522 
558 
596 
556 
509 
540 
511 
4^0 
528 


1,437 
1,218 
1,031 


AprU 


1,189 


May 


1,008 


Juno 


26,956 


July 


55,301 


Augrnst. 


198 


September 

October 


122 
1,049 


November 




December 












Totals 


87,731 


138.495 


29:), 459 


621.335 


274.619 


12.945 


99,020 


Avera«re 


4,874 


7,694 


16,303 


34,519 


15,256 


809 


6,188 



The Republican river, during the 18 months ending December 31, 1896, had a 
tiow of 621,335 second feet or 1,240,000 acre feet, or an average per month of 34,- 
519 second feet or 69,000 acre feet, and 828,000 acre feet per year, and assuming 
that one acre foot would irrigate one acre of land, the run-oflf of the Republican 
river would in one year irrigate 828.000 acres of land, or 32 acres of each section 
in its entire drainage area. 

The Solomon river, during the 18 months ending December 31, 1896, had a 
flow of 293,459 second feet or 586,000 acre feet, or an average per month of 16,303 
second feet or 32,500 acre feet, and 390,000 acre feet per year, and assuming as 
before that one acre foot will irrigate one acre of land, the run-off of the Solomon 
"river would in one year irrigate 390,000 acres, or 70 acres of each section of its 
entire drainage area. The bed of this stream is muddy, sandy, and gravelly, and 
does not carry much water below the soil. The banks of this stream are high, 
but the water could be taken out by pumps, or dams and ditches, but more 
cheaply with the former. 

The Saline river, during the 18 months ending December 31, 1896, had a flow 
of 138,495 second feet or 276,800 acre feet, or an average per month of 7,694 sec- 
ond feet or 15,200 acre feet, and 182,400 acre feet per year, which would irrigate 
182,400 acres, or 66 acres on each section of its entire drainage area. The bed of 
this stream is muddy and sandy, but does not likely carry a large amount of 
water, and the banks are high at Beverly and for many miles west, but gradually 
lower, and water could be taken out with greater economy with pumps than with 
dams and ditches. 

The Smoky Hill river, during the 18 months ending December 31, 1896, had a 
flow of 87,731 second feet or 175,000 acre feet, or an average per month of 4,874 
second feet or 9,700 acre feet, and 116,400 acre feet per year, which would irrigate 
116,400 acres, or 14 acres on each section of its entire drainage area. The bed of 
this stream is very sandy, and carries quite an amount of water in the sand. The 
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banks are not too high for pumping economically, and water could be taken out 
by dams and ditches at a reasonable cost. 

The Arkansas river, during the 18 months ending December 31, 1896, had a 
flow of 274,619 second feet or 548,000 acre feet, or an average per month of 15,256 
second feet or 30,500 acre feet, and 366,000 acre feet per year, which would irri- 
gate 366,000 acres, or 10.8 acres on each section of its entire drainage area, or 39 
acres to each section of its Kansas drainage. The banks of this river are very 
low and sandy, and the bed is very sandy and changeable, and carries a large 
amount of water in it. The water of this stream can be utilized by pumps or 
ditches, and cheaply. 

The Cimarron river, during the 16 months ending October 31, 1896, had a flow 
of 12,945 second feet or 25,890 acre feet, or an average per month of 809 second 
feet or 1,()00 acre feet, and 19,200 acre feet per year, which would irrigate 19,200 
acres, or four acres on each section of its entire drainage area. The banks of this 
stream are low and sandy, and amount of water is small but very regular. The 
water could be taken out by ditches or pumps, and at no great expense. 

The Medicine river, during the 16 months ending October 31, 1896, had a flow 
of 99,020 second feet or 198,040 acre feet, or an average per month of 6,190 second 
feet or 12,380 acre feet, and 148,000 acre feet per year, which would irrigate 148,- 
000 acres, or 113 acres on each section of its entire drainage area. The banks of 
this stream are very low, and the bed of the stream is very sandy and carries 
much water in it. The water could be taken out 'of this stream either by ditch 
or any form of pump, and with small expense. 

The total run-off of all the rivers above amounts to 613,488 second feet, which 
is equal, in round numbers, to 1,226,000 acre feet per year. If we assume that 
12 inches of water is sufficient to irrigate land, in addition to the rainfall we now 
have, then each acre foot will irrigate one acre of land, and this is the assump- 
tion in the results given in this report. In this state, west of the ninety-eighth 
meridian, there are about 44,000 square miles; could this water be distributed 
uniformly over this section, and all utilized, it would irrigate 28 acres of each 
section therein. In this assumption I have left out the Republican river, as it is 
nearly all in Nebraska and Colorado; now, quite a large amount of land in this 
section cannot be irrigated in any event, profitably, owing to its location, and de- 
ducting this amount, which probably reaches 25 per cent., then we have 37 acres 
to each section. As the adjacent bottom lands are the most accessible, and 
would be first irrigated, it will be well to see how much water there is for this 
land. There seems to be enough water to irrigate the bottom lands along the 
streams, and quite a large proportion of it at no great expense. 

The Arkansas and Cimarron rivers would furnish a less amount of water than 
any of the others; a very large portion of the former's water is taken out in Col- 
orado and this will be increased in the future, it may be to the entire amount at 
the state line, except the large floods. 
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Underground Water. 

By D. M. FROST. 

The great problem of a water supply for irrigation purposes on the west- 
ern plain of Kansas is the easiest thing in the world conceived of and the 
hardest to bring about. The student who has followed this special line of 
of investigation finds many obstacles in his way that must be overcome, 
while at the same time he finds much to encoui*age him in continuins: the 
work. Kansas is a very prolific field in this line, and we may say that it is 
as largo as it is prolific, embracing as it does fully one-half of the entire 
state: or, to be more exact, all that portion of the state lying west of the 
ninety-eighth meridian, embi*acing 43,200 square miles or 27,648,000 acres, 
all of which is usually denominated as the arid or semiarld portion of our 
state, upon which lands an artificial application of water must be given to 
i I? sure a crop each and every year. 

But it must not be assumed that all of this vast expanse of country can be 
successfully irrigated with our present or our future available water supply, 
as we cannot hope for this to be done under the best possible conditions. 
Yet when we recount what has been done, or is being done now, in the line 
of applying water by artificial means to our arid lands, then we may be the 
better enabled to judge as to its success or failure, and whether it would be 
wise or unwise for the state and federal governments to continue to aid in 
ibis direction. But this does not rest entirely on what has already been 
accomplished in this line, any more than it would for us to say that the future 
possibilities may be tenfold greater than that which has already been real- 
ized. The two propositions must go together, since there has been a constant 
and continuous advancement along the line of the principle followed, uncov- 
ering more water day by day as the investigation progressed, likewise adding 
more acres to our cultivated fields, clearly indicating that we have taken th€ 
first or initiatory step in the great work yet to follow, and that the future 
investigations and developments will bring to light possibilities as yet un- 
thought of and unknown. There are in the state at this time about 1,200 
miles of irrigating canals or ditches, all of which have been constructed since 
18S0, at one time or another irrigating upwards of 200,000 acres of land. 
Eight hundred miles of these irrigating canals are located in the counties of 
Hamilton. Kearny, Finney, Gray, and Ford, along the Arkansas river, from 
which they derive their water whenever water flows in the river. These 
ditches have been the means of bringing under a high state of cultivation 
and productiveness 124,000 acres in the five counties named. 

Since 1892, the surface flow of the Arkansas river has gradually failed, 
untii in the year 1896 there was scarcely any flow east of the Colorado line; 
i»ot l^ecause there was any diminution in the water supply at the sources 
01 thf- river, but on account of the increase in the number and carrying 
capacity of ditches constructed in Colorado, which absorbed all the waters 
and thereby left Kansas ditches unsupplied. There can, perhaps, be no 
serious objection to this, since Congress accorded to the state of Colorado that 
light when she was admitted into the sisterhood of states, but it leaves our 
ditch owners and farmers in a very precarious condition on this side of the 
Colorado line. 
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To supply these ditches with water, and in turn water the lands they 
cover, another system must be thought out and developed; and since the 
surface flow of water from this particular river cannot longer be depended 
upon, the subsurface, or the so-called underflow waters, must be used, pro- 
vided a suflicient amount of water can be found and made avallablr^. Thf> 
amount of this water is generally considered to be very great. 

During the summer of 1896, the following experimental pumping tests 
were made at and near Garden City, in the Arkansas valley, where water 
is obtained within S^/2 feet from the surface. The water was drawn from 
the sands and gravel through a sand point 6 inches by 10 feet in length, at- 
tached to a six-inch pipe penetrating the water-bearing sand and gravel 36 
feet in depth, with a No. 2 centrifugal pump operated by steam power, suction 
pipe 2% inch, discharge pipe two-inch, depth to water 8% feet, or water stood 
in six-inch pipe, into which 2V^-inch suction pipe was admitted, to the depth 
of 20 feet from surface of ground, water standing at 8^ feet below land level: 
water lowered during time pump was running to the depth of IS feet. 
Amount of water drawn was 245 gallons per minute — ^water. lift from top of 
reservoir embankment over which it was discharged into reservoir, 22 feet— 
14,700 gallons per hour, of 147,000 gallons for the 10 hours' test, with no sign 
of any diminution in the supply. 

Test No. 2 was made with a No. 3 centrifugal pump and open well. Water 
drawn from sand and gravel, like condition as No. 1. Four-inch suction and 
3^2 discharge, 16% feet lift; water pumped, 625 gallons per minute, or 37,500 
gallons per hour, or 375,000 gallons per day of 10 hours. 

TABULATED CENTRIFUGAL-PUMP TEST. 



Pump No. 



No. 2. 
No. 3 . 



Suction pipe. 



S^o inches. 
4 inches. 



I 

Dischar^ 
pipe. 



2 inches. 
31 o inches. 



Gallons 
per minute. 



245 
(525 



Gab. per day, 
10 hours. 



147,000 
375,000 



The Hutchinson Packing Company, at Hutchinson, in the Arkansas valley, 
and close to the 98ih meridian, has had occasion to use a large amount of 
water. Tn answer to inquiries concerning the methods used to lift it from 
the underflow sand and gravel, and the quantity raised, Mr. Walter H. 
Underwood, manager, writes as follows: 

"We have in operation three No. 6 Van Wie centrifugal pumps, eight-inch 
suction and six-inch discharge, running 780 revolutions per minute, and from 
close estimates and by the work we are doing we figure that we are pumping 
1,300 gallons per minute with each pump. 

"The duty of these pumps is to force water 58 feet high into a vacuum con- 
denser. Our 25-inch vacuum which we carry pulls this water about 26 to 28 
feet, making the total lift on the pumps 30 to 32 feet. 

"The first pump we put in operation we had four 8-inch points connocted 
together in one main line to the pump. Our suction was 12 feet. This work 
was so exceedingly hard on the pumps that we were bothered continually 
with the pump heating and belts breaking from the excessive strain. The 
next pump we put in we put in six 8-inch points for suction, and the third 
one has eight points. These points are connected in gangs, and every other 
one is to a different depth — for instance, we put the first point at 20 feet, the 
next one at 45 to 50 feet, the next one at 20 to 25 feet, and so on, so as to get 
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the water from different veins — provided we get the water from veins, which 
I very much douht. 

"We used to think that we had from two to four strata of water, as in put- 
ting down the points we would go through a bed of clay from two to four feet 
thick. But our experience has been, in putting down 18 points, that we find 
the clay at different depths, which leads us to believe that it is not a stratum 
but simply boulders. 

"After the points are down we connect up the pump and pull as hard as 
possible to draw out all the quicksand in the vicinity, and run about a week. 
We then take the plug out of the top of the line and sand-bucket the points 
thoroughly. This operation is performed, say three times during the next 
two or three months, and by that time all the quicksand that will naturally 
go to the points has been pumped out. 

"I forgot to state above that the first pump we put in, having only four 
points, was so unsatisfactory on account of the wear and tear that we put in 
an open well, 20 feet deep and 16 feet in diameter, made of brick laid in 
cement. We then put in 12 small points, which we made of different size 
scrap pipe, from two to four inches in diameter, and have a 6-lnch suction 
line running into this well and also to the four 8-inch points, with valves. 
so that we can take supply from either point 

"The water naturally stood about 12 feet below the pump, and we figured 
that we were lifting this water too much for the good of the machinery. So 
that we built a large pond, digging it out 16 feet deep down to the coarse 
gravel. We then run our waste water from the condensers into this pond, 
with the idea that the water would percolate back through the sand and 
raise the water in the vicinity of the points which are adjacent to the pond. 
Our men report that the water now naturally stands in all the points four 
or five feet higher than it used to, now making the suction on our pumps 
seven or eight feet instead of 12 feet. 

"The 8-inch points are of our own manufacture, being bored full of ^-Inch 
holes for probably 10 feet in length, and then covered with perforated brass 
with holes about 1-16 of an inch. Before we wrapped the brass around the 
points we wrapped small wire over the section of pipe punched full ol holes 
to keep the brass away from the pipe, thereby getting all the available open 
space instead of simply having an opening wherever the holes in the brass 
might come over the holes bored in the pipe. These points we drove down 
with our well machine, sand-bucketing out as we went down, and let them 
remain in the coarse gravel we found. The bottom is left open, and after 
sand-bucketing as stated above the point probably fills up with coarse gravel, 
but it being of such a coarse nature does not stop the fiow of water. 

*i forgot to state that the points arc connected with the main line with a 
cross so that we can take out the plug at any time and sand-bucket the point 
out.*' 

Mr. H. V. Hinckley, of Topeka, consulting civil engineer, an eminent 
authority on engineering problems, writing us on the subject of the avail- 
ability of the Arkansas underflow for irrigation purposes, says: 

"From tests which I have made upon numerous wells, and from over a 
thousand experiments upon flow of water in sands and gravel, I am safe in 
stating that wells properly designed will furnish any desired amount of 
water, from 1,000 to 10,000,000 gallons a day. As to the availability for irriga- 
tion, it is only a question of cost If wells were to be put in thickly there 
would some time be a question of permanency of supply, but that is not a 
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preBent problem. The underflow can be put on top of the ground at fron) 
$10 to $25 an acre, first cost, by pumps for individual tracts or by gravity 
for corporations." 

The many thousand cubic feet of water per second of time that flowed 
through the channel of the Arkansas river years ago unmolested and undis- 
turbed is to-day diverted from its channel and course and made to do duty 
for the Colorado ranchman and farmer, being carried to the high plains of 
Colorado, where it is absorbed into the soil, and all that is not absorbed by 
evaporation or plant growth is finding lodgment by percolation into the 
sands of the plain above Kansas, to which state it naturally tends, and, since 
there is no other avenue of escape, must come. This brings us to a source 
of supply rarely thought of, much less considered — one that cannot be taken 
from the people of this state, since it has passed beyond the control of the 
people of Colorado. The process, though slow it may be, is bringing the 
water nearer to the surface year after year, which is the history and expe- 
fience of all irrigated countries, and Kansas will prove no exception to the 
rule. 

The estimated acreage of valley lands along the line of the several rivers 
and streams within the territory under consideration is about as follows: 

Along the two Cimarron rivers 650 square miles. 

Along the Arkansas river 1,500 

Along the Pawnee and tributary 100 

Along the Walnut and tributary 125 " 

Along the Smoky and tributary 150 

Along the Saline 125 

Along the Solomon and tributaries 350 " 

Along the Beaver and two Sappas 150 

Along the Prairie Dog 100 

Total 3,250 square miles. 

Or 2,080,000 acres of land that ultimately may be brought under a high stfite 
of cultivation, by some well defined system known, such as the gravity flow 
or gravity system, which would dispense with pumps and power to operate 
them, a very great saving in the securing water for irrigation purposes, 
as compared to the pumping system, no matter what power might be utilized. 
A conservative estimate of our water supply from seven of the principal 
rivers fiowing through the state, which empty their waters into the Missouri 
and Mississippi rivers, as is shown by W. G. Russell, assistant hydrogi'apher, 
U. S. Geological Survey, very clearly indicates that we are losing annually 
enough water to irrigate 2,572,336 acres of land a foot in depth, which, 
added to the valley or bottom land of the rivers named, would give us a total 
of 4,591,136 acres; to this may be added the lands that ultimately will be 
covered by the individual pumping system or individual irrigation plants, 
which will at this time add a trifle over 30,000 acres, and would make the grand 
total of 4,621,136 acres; nearly 5,000,000 acres of land out of the 27,648,000 
acres embraced within the territory under consideration. 
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Weather Report. 

By D. M. FROST. 

Through the courtesy of George T. Todd, official in charge of the United 
States signal station at Dodge City, Kas., this Board is supplied with the 
interesting and important data of the monthly precipitation, monthly mean 
temperature, prevailing wind direction, average wind velocity, monthly per- 
centage of sunshine, and annual percentage of miles and time for each direc- 
tion; all of which tables are of the utmost importance when considered in 
connection with agricultural pursuits, and especially so in connection with 
the lifting of water for irrigation purposes by wind power. Therefore the 
tables of wind velocity and wind direction are important and worthy of care- 
ful study. The data on precipitation is of no less importance, since it so 
clearly indicates the source and yearly average of the water supply of the 
great plains country. This report indicates that the annual average of rain- 
fall for 21 years last past has been 19.96 inches per annum. It further shows 
that over one-half of this annual rainfall fell during the months of May, 
June, July, and August, the four growing months of the year. It further 
indicates that a little over one-half of the remainder has fallen in the 
months of March, April, and September, during the planting and seeding 
season. The residue or remainder of this annual precipitation fell in the 
months of January, February, October, November, and December, the winter 
months, which accounts for the dry and open winters on the plains The 
table giving the monthly mean temperature is as important as it is inter- 
esting, and well worthy of a place in the report; likewise the report on annual 
percentage of sunshine; all of which data is herewith given. 

Dodge City, Kas., December 10, 1896. 
Hon. D. M. Frost, Garden City, Kas.: 

Dear Sir — Enclosed herewith please find data as requested in your letter 
of the 5th instant. 

The data enclosed is as follows: Monthly precipitation since opening of 
station. 

Monthly mean temperature since opening of station. 

Prevailing (monthly) wind direction since opening of station. 

Average hourly wind velocity for the months since opening of station. 

Monthly percentage of sunshine for the past seven years (monthly). 

Annual percentage of miles and time for each direction since 1890. 
(monthly). 

This data is complete to date. Very respectfully, 

GEORGE T. TODD, Official in Charge. 
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PRECIPITATION AT DODQE CITY, KAS. 



Year. 



1874... 
1S75.... 
1>76.... 
KS77.... 
1>7JS.... 
Ls79.... 
1880.... 
KSSl.... 

1SS2 

1NS3.... 
ISSI.... 
1XH5.... 
lMi«.... 
1\S7.... 
1888.... 
1889.... 
1.890.... 
1S91.... 
1892.... 
1893.... 
1894.... 
1895.... 
1896. . . . 



Jan. I Feb. Mar. 



0.12 
T. 
0.18 
0.21 
0.S7 
T. 

: 0.15 

I 0.52 

I 0.44 

i o.a8 

I 0.52 

t 1.82 

t 007 

' Zi 

I 1.69 

0.42 

0.98 

0.25 

0.02 

0.04 

0.58 

0.49 



Sums. 
Means 



Apr. May. June! July. 



0.10 
0.0!) 
0.56 
1.13 
0.08 
T. 
1.6:? 
0.22 
1.42 
0.28 
0.47 
0.46 
0.5:? 
0.73 
O.'M 

o.:» 

0.27 

1 01 
0.34 

1.0;? 

2 26 
T. 



0.04 
3.. 59 1 
0.2.'! ' 
1.01 ' 
0.17 : 
0.04 
0.50 
0.24 I 
0.42 I 
1.91 
(1.75 I 
1.50 I 
0.17 ■ 
0.93 
l.:?8 
0.05 
3.:?2 
2.62 
T. 
0.40 I 
i.:?l 
25 



0.71 
0.16 
3.:i8 
1.06 
40 
11 

2.:i8 

0.68 
2.40 
1.07 

i.:» 

1.90 
2.46 
4. OH 
2.12 
2.«) 
2.76 
0.40 
0.04 
l.s^S 
0.91 
5.50 



2.26 
1.15 
4.96 
4.6:? 
0.90 
3.:?:? 
12.82 
3.87 
5.41 
4.47 
4.07 
0.40 
3 69 
2.86 
1.54 
1.19 
3.36 
3.2:? 

i.m 

0.95 
0.97 
1.13 



0.73 
2..W 
3.92 
2.19 
4.40 
1.59 
1.77 
1.51 
4.31 
7.67 
2.02 
5.47 
4.WJ 
5.16 
3.43 
HA) 
6.27 
3.:?4 
0.76 
2. SO 
5.:?2 
1.98 



3.28 
2.26 
1.79 
1.61 
3.90 
4.00 
5.06 
3.04 
2.61 
6.40 
6.(W 
2.07 
1.00 
4.07 
2.(r2 
22 
5.16 
0.66 
3.32 
2.05 
4.84 
5.41 



9.68 13.30 20.85 :J8.6» 68.50 '72.17 70.80 m.'i9 29.31 29.85 11.07 13.96 419.07 
0.44 0.60 0.<« 1.76 3 11 I 3.28 3.22 2.76 1.33 1.30 0.48 0.64 19.96 



An«. 



2.06 
1.03 
4.09 
4.48 
3.75 
5.17 
2.S6 
1.07 
5.66 
4.82 
l.K) 
2.46 
2.2S 
3.(0 
2.14 
3.45 
l.:?6 
4 69 
1.82 
0.15 
2.42 
0.7b 



Sept. 



l.:?2 
2.13 
0.50 
0.76 
0.80 

o.:?2 

3.13 
0.15 

i.:?2 
0.2:? 
3.48 
2.33 
0.14 
0.78 
0..S6 
.■>7 
4.56 
1.04 
1.74 
2.03 
0.06 
1.06 



Oct. ! Nov. 



-I- 



0.27 
0.06 
1.00 
3.34 



0.24 

T. 

1.35 

0.56 



0.09 O.tiO 

T. ! 0.04 

1.42 I 2.4:? 

2.19 0.96 



1. 

3.:?2 
1.5<) 
1.06 
0.45 
0.4K 
0.81 
2.88 
0.89 

3.3;? 

0.73 
0.2S 
0.62 



0.11 
0.12 
0..83 
0.36 
0.24 
0.:?5 
0.06 
0.77 
0..V) 
0.12 
0.31 
0.42 

o.a? 



1.09 > 0.34 
2.45 0.34 



Dec. 



0.05 
0.09 
0.15 
4.36 
0.19 
0.12 

O.a? 

0.61 
0.11 
1.07 
1.10 
1.76 
0.25 
0.54 
0.23 
T. 
0.14 
0.85 
l.:?8 
0.10 
0.62 
0.21 



Total 
for 
year. 



10.77 
15.40 
27.89 
17.96 
15.43 
18.44 
33.55 
13.14 
28.50 
30.36 
28.71 
19.35 
15.71 
22.94 
19.17 
11.72 
32.34 
19.66 
10.12 
12.60 
30.31 







MON' 


rHLY 


MEAN TEMPERATURE .AT DODGE CITY. KAS. 






Yeas. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. 


July. 


Au«. 


Sept. 


Oct. 


Nov. 


Dec. 


Yearly 
mean 
temp. 


1874 
















58.2 
57.2 
5:?.5 
53.2 
55.8 
59.5 
52.2 
57.5 
58.3 
50.6 
58.8 
52.6 
59.8 
54.3 
55.0 
55.6 
55.5 
55.2 
56.2 
56.8 
59.4 
52.8 
54.2 


38.0 
41.1 
40.4 
39.8 
44.6 
41.4 
25.6 
38.7 
41.6 
42.4 
42.0 
46.4 
39.2 
42.8 
41.1 
37.4 
44.4 
40.9 
42.4 
40.4 
44.4 
41.4 
38.0 


35.2 
42.2 
24.8 
40.4 
23.4 
26.4 
24.7 
37.4 
32.7 
35.2 
21.4 
37.1 
29.9 
29.4 
38.4 
44.6 
38.8 
37.4 
25.6 
:?8.6 

:u.4 

33.8 




1875 

1876 

1877 

1878 

1879 

1880 

IHM 

1882 

188:? 

1884 

188.-) 

1886 

1887 

1888 

1889 

1890 

1891 

1892 

189:? 

1891 

1895 

1896 


13.0 
36.8 
24.4 
:?:? 6 
23.9 

:?8.2 

20.0 
31.6 
22.4 
24.4 
18.0 
16.9 
27 5 
23.3 
28.9 
27.2 
28.8 
28.9 
34.0 
:?0.8 
29.6 

:?8.4 


29.1 
41.9 
38.6 
39.5 
33.8 
35.8 
27.0 
39.2 
26.6 
28.0 
26.5 

:?5.8 
:?1.2 
:?9.3 
29.0 
:?2.4 
32.0 
:M.7 
:?i.o 

24.3 
25.4 
39.2 


39.7 
36.0 
44.3 
50.2 
48.2 
41.0 
41.0 
48.2 
40.6 
42.2 
42.3 
40.6 
46.4 
37.4 
45.8 
42.5 
:?3.8 
36.5 
42.2 
46.1 
42.9 
40.0 


47.8 
56.7 
51.0 
55.8 
56.9 
54.8 
54.6 
54.2 
54.1 
49.8 
55.7 
51.9 
54.8 
57.5 
56.6 
54.2 
55.4 
51.8 
53.5 
57.6 
57.0 
59.9 


65.0 
64.4 
6:?.9 
61.6 
69.3 
69.3 
64.9 
58.0 
61.9 
59.8 
60.0 
68.9 
66.0 
61.5 

6:?. 7 
6:?. 6 

61.6 
57.8 
60.4 
64.9 
64.8 
68.4 


73.9 
70.6 
71.0 
70.6 
76.2 
75.3 
77.5 
74.1 
71.5 
71.4 
72.6 
72.0 
74.5 
73.6 
69.8 
75.0 
69.6 
71.9 
75.0 
73.4 
70.0 
76.2 


75.6 
79.7 
78.1 
79 6 
80.8 
76.2 
77.0 
75.9 
77.4 
77.6 
77.9 
79.4 
79.2 
80.0 
77.5 
^2.4 
73.8 
77.0 
79.4 
78.5 
74.0 
77.6 


74.6 
77.8 
77.1 
79.2 
76.6 
75.0 
80.1 
75.1 
73.0 
72.2 
74.8 
79.7 
75.6 
74.4 
76.9 
76.4 
74.0 
76.0 
73.8 
75.9 
75.6 
79.4 


69.1 
67.2 
69.4 
67.6 
68.0 
66.4 
69.0 
69.0 
65.2 
71.1 
67.6 
68.6 
69.0 
67.8 
66.3 
65.2 
68.4 
69.8 
70.4 
68.9 
72.7 
66.2 


52.4 
52.2 
54.3 
55.1 
55.1 
52.9 
Ml 
M.8 
51.7 
51.6 
52.6 
53.6 
542 
Ml 
.^4.3 
M.8 
52.6 
52.4 
M.6 
54.9 
53.1 








Sums. 
MeauH.. 


598.6 
27.2 


720.3 
:?2.7 


927.9 
42.2 


1,201.6 
54.6 


1,399.7 
63.6 


1,605.7 
73.0 


1,714.6 
77.9 


1,673.2 
76.1 


1,502.9 
68.3 


1,282.2 
55.7 


934.4 
40.6 


731.8 
33.3 


1,125.0 

5:?.6 



PERCE.HTAGE OF SUNSHINE (MONTHLY) AT DODQE CITY, KAS. 



Year. 


Jan. 

% 


Feb. 

% 


Mar. 
% 


Y 


May. 


June. 

% 


July. 

% 


Aug. 

% 


^r 


Oct. 

% 


Nov. 


Dec. 
% 


Av. 
for 
year. 


1»^ 








48 
66 
60 
75 
74 
67 
6S 


61 
61 
49 

68 
72 
69 
6:? 


66 
53 
75 
81 

77 
65 
80 


73 
62 
67 
75 
74 
63 
63 


71 

78 
81 
72 
77 
75 
78 


62 
69 

82 
74 
76 

84 
66 


76 
79 
65 

89 

86 
77 
72 


'"■54 
64 
78 
79 
69 
62 


69 
62 
47 
67 
71 
66 




1891 






49 
52 
79 
74 
72 
69 




1892 


65 
70 
68 
51 
55 


50 
62 
66 

58 
75 


63 


189:? 

1894 

1^95 

1.H9V 


74 
74 
68 
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PREVAILING WIND DIRECTION, DODGE CITY, 


KAS. 
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AVERAGE HOURLY WIND VELOCITY AT DODGE CITY, 


KAS. 
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July. 
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Sept. 


Oct. 


Not. 
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At. 
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year. 


Av. for 10 years, 

1874 to 1885... 

1885 


10.9 
11.4 
11.6 
9.8 
8.4 
9.8 
9.9 
10.3 
9.7 
9.8 
9.5 
10.2 
9.6 


11.5 
10.8 
10.9 
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ANNUAL PERCENTAGE OP MILES AND TIME FOR EACH DIRECTION 








Wind — percentage of miles and percentage of time from 
( By double or triple self-register.) 


Ybab. 


N. 


NE. 


E. 


SE. 


S. 


SW. 


W. 


NW. 


Calm. 




% 
12 
11 
8 
10 
13 


B 
? 

% 
12 
12 
9 
12 
15 


r 
"% 

9 
12 
15 
13 
13 


H 
B 
? 

"%" 
9 
15 
17 
15 
16 


c: 
? 

% 
3 
3 
3 
3 
2 


~% 

3 
4 
5 
5 
4 


% 
8 
34 
:S8 
27 
2:1 


H 

3 

? 

~% 
8 
29 

:« 

26 
2:^ 


:* 

% 
39 

17 
11 
24 
29 


s 

? 

% 

31 
13 
9 
17 

2() 


g 

% 
9 
5 
8 
7 
4 


i 

8 
5 
7 
7 
5 


g 

? 

2 
3 
3 
2 
2 


I 

3 
5 

4 
4 
:{ 


f 

% 
16 
15 
15 
13 
14 


9 
? 

% 
17 
16 
15 
13 


r 

~% 
3 






^ 


1891 


11 


1892 


1 


1893 





1894 





1895 


1 



—13 



Digitized by 



Google 



194 



Report of the Irrigation Board, 



Artesian Well Tests, Etc. 

By D. M. FROST. 

Made in Meade and Finney counties, with No. 2 centrifugal pump and steam 
power, showing two important points: Accelerated flow with pump, and in- 
creased natural flow after pump was detached. 



Name of owner. 



G.O.Vick... 
G. O. Vick... 

Wm. Colter.. 



Locutiou. 



X. E. ^, 2iK*«)-27 
N.E. »-4.29-:iL'-27 
S. W. I4, 4-2:i-:« 



Depth of 
well, 
in feet 



165 

i:« 
9a 



Flow in 

gallons 

before tost. 



4.') 
1 



Flow in 

gallons 

durinf? test. 



110 

4« 
21 



Flow in 

f^allons 

after test. 



55 
12 
6 



Size 

of 

pipe. 

2^, 



From the three wells so tested there was a vast amount of sand brought up: 
especially was this the case with the two first, which are located in Meade county. 
The well in Finney county being the least in flow of the wells tested, which gave 
up very little sand. The increased flow after the pump was detached was 
doubtless owing to the fact of the removal of the fine sand from the inlet point 
to the pipe, thus giving an increased flow of water. 



WIND PRESSURES. 

The following table of wind pressure commonly used is inserted for convenient 
reference: 



Description of Wind. 



Hardly observable 

Just perceptible \ 

Liflrht breeze 

Gentle, pleasant wind 

Fresh breeze 

Brisk blow 

Strong wind 

"Very strong wind 

High wind ] 

Very high wind 

Gale 

Violent gale 

Hurricane 

Tornado 



Velocity. 









Pressure. 


Miles per 


Feet 


Per square foot, in pounds-. 


hour. 


per minute. 






1 


88 


.005, 


or about ^ of an onnci' 


2 


176 


.02, 


" H 


A 


264 


.045, 


" a 


4 


352 


.08, 


.. m 


5 


440 


.125, 


.. 2 


10 


m) 


.5, 


.. g 


15 


i,;«o 


1.125, 


* ' lib. 2 ounc4*>. 


20 


1,760 


2. 




25 


2,200 


3.125. 




30 


2,640 


4.5. 




35 


3,0M) 


8.125. 




40 


3,520 


8. 




50 


4,400 


12.5. 




60 


5,280 


18. 




80 


7,040 


:«. 




100 


s.soo 


50. 





From the above table it will be seen that, with a velocity of four or five miles 
per hour, the pressure is less than two ounces per square foot of wind surface, 
and that its effective force depends entirely on the velocity. 
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SAND AND GRAVEL WATER ABSORPTION. 

A cubic foot of coarse gravel will absorb 26 per cent, of water. 

A cubic foot of medium coarse gravel will absorb 27 per cent of water. 

A cubic foot of fine sand will absorb 31 V^ per cent of water. 

A cubic foot of quicksand will absorb 37 1^ per cent of water. 

These tests were made with kiln-dried sand and gravel, and made for 
the sole purpose of learning the quantity of water a cubic foot of sand or 
gravel would absorb or was capable of holding, which is an important fact 
to be known in computing the available water supply along our plains rivers, 
the beds of which, as a rule, have a sand and gravel formation. Since coarse 
gravel will yield up about 80 per cent of the water absorbed, fine sand will 
give up considerable less water than coarse g^ravel, possibly not more than 
about 60 per cent of the amount of water so absorbed. While these results 
are not given as being absolutely ccM'i'ect, yet they are given in connection 
with the water absorption tests, in order that some basis for the calculation of 
the quantity of water contained in any given stratum of sand or gravel, the 
dimensions or coarseness of which are known. 



CARE OF WINDMILLS. 



There is no piece of mechanism in existence to-day from which so much 
is expected and hoped for that receives less care and attention than a wind- 
mill. Once in position and started into motion it is regarded more as a sort 
of weather vane or perpetual-motion machine than a windmill. They, how- 
ever, are not unlike other mechanical devices that are liable to get out of 
^rder and occasionally break, and when they do break, nine times out of ten 
it is on account of the lack of attention, which the owner did not deem neces- 
sary to bestow; after which a critical inspection is made, not so much for 
the purpose of finding out the true cause of its failure to work as it is to find 
fault with construction. 

A windmill is a delicate piece of machinery, especially designed and con- 
structed to do duty in all kinds of weather and to supply a cheap and last- 
ing power for mankind; a machine that must work constantly and con- 
tinuously; one that will run in sunshine and in rain, by day or by night, 
in summer time and winter time; in fact, it is expected to run whenever 
the wind blows sufficiently strong to move it, from a gentle breeze to a 
hurricane; even expected to regulate and adjust itself to every wind that 
blows, come from whatever quarter it may; it is expected to be on duty and do 
duty, simply from the fact that it is a windmill. Such a machine does re- 
quire attention; a constant care and watchfulness must be given it or it is 
liable to go wrong. The least thing about it, if displaced, is liable to throw 
it out ef balance, and if continued in motion may prove its destruction. 

Regular oiling, critical inspection of bolts and nuts, stay rods or braces 
tightened up, broken ones replaced, guard against friction in boxes, journals 
or plunger rod ; look well to your water supply, and see to it that it is ample 
for size of pump employed. An inadequate water supply causes more breaks 
in pumps and windmills than all other causes combined. So look well to a 
sufficient water supply before a mill and pump are put in motion. Great care 
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should be exercised to see that a windmill is not overloaded, but so regulated 
as to move its load placed upon it in the least wind that is desired to run it, 
which will then increase in efficiency as the wind grows stronger. A perfect 
equalization of power as between windmill and pump must be had to get best 
results. Power of wheel in a given wind must be ascertained, as also capacity 
of pump and weight of load which it is to move. (See tables in this report.) 



DUTY OP WATER. 



There is no fixed rule as to the duty of water; much depends upon the 
kind, quality and texture of soil to which it is to be applied, as well as the kind 
of crop that is to be produced. The duty of water varies fully as much in 
the kind of crop raised as it does on the kind of soil to which it is applied. 
A coarse, open or porous soil will absorb water very readily, while at the 
same time it will pass away by percolation, evaporation and through plant 
growth with equal rapidity. A finely-grained or well-pulverized soil will not 
take up water as fast as a coarser soil, but it is capable of absorbing more 
water and retaining it longer than a coarser soil, lessening the per cent, of 
evaporation as also of percolation and maintaining a more compact fountain 
for plant growth to draw from. Deep plowing and thoroughly pulverizing 
the soil puts the land into the best possible condition for the absorption and 
retention of water. Shallow and repeated cultivation is the best system 
against loss of water by evaporation. When the supply is abundant there is 
greater fear of using too much rather than not enough; especially is this 
so with beginners in the artificial application of water to growing crops. As 
a rule it is much safer to use too little water, to begin with, than too much, 
since less damage is likely to occur; while an insufiicient amount of water 
means a short or partial crop, an over supply or too much water in many in- 
stances destroys the crop. The safest plan is to apply water oftener and not 
so much at any one time, rather than flood a field with twice the amount of 
water the soil can hold and readily absorb. Too much water makes land 
foul and miry, which is liable to destroy plant growth. 



HOW TO CONSTRUCT A RESERVOIR. 

To construct a reservoir large enough for a six-inch pump, measure off 
a plot of ground 75 by 125 feet, longest east and west; take 1% feet of soil 
from the inside of said plot with which to form the embankments, which will 
give sufficient to make them four feet in height on outside and 5% feet on 
inside, base of embankments 12 feet wide and top about 2 to 2^ feet wide; 
this done, plow up about three inches of additional soil on inside of reservoir 
and harrow same until soil is thoroughly pulverized. Then turn your pump 
or pumps on and thoroughly saturate with water the fine soil or bottom of res- 
ervoir as deep as it was plowed, after which turn your pumps off and let it 
stand until it is dry enough so by admitting a horse or horses they would not 
mire, or, in fact, penetrate the soil with their hoofs any deeper than the last 
plowing, continuing the tramping process until horses' feet will make no im- 
pression on the soil so packed. This will insure a good, solid bed, through 
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which water cannot escape by percolation. The inside and outside of the 
reservoir ought to be sodded, especially the inside embankment, with a stiff 
gumbo sod. which will hold the loose earth in place and keep the water 
from washing out the embankments, which embankments ought to have a 
slope of say 45 degrees, and sodded to the top. Good boxes or gates ought 
to be made and put in position before embankment is made, and ought to be on 
c4 level with ground surrounding outsida of reservoir or land to be irrigated . 
which boxes ought to be thoroughly packed with soil underneath boxes, as 
also on sides and over the top, so as to prevent the water from cutting through 
the embankment at any point surrounding the box. Too much care cannot 
be given this part of the work. When a bed of sand is encountered at bot- 
tom of reservoir, ireveral inches of black loam or clay must be spread over 
the bottom before water is admitted or the packing process Is begun. This 
system closely followed will insure you a good reservoir and the saving of 
much water by leakage or percolation, and insures you an abundance of water 
for fish culture, ice harvest, as well as for irrigating purposes whenever 
you raise the water in yoiu: pond to the height of the discharge point, below 
which you will always have 18 inches of water, as you cannot rob yourself 
or your fish in the pond, or let it dry up so as to necessitate repuddling or re- 
tramping. 

The fci-egoing method has been generally followed in the Arkansas valley, 
which, however, has proved faulty in other portions of the state, especially 
on the higher lands, where it became necessary to puddle the embankments 
and underneath them, as well as the interior of the reservoir. See, also, 
specifications in another part of this report. 



SUD8URPACE IRRIGATION BY TILE SYSTEM. 

FcH" economy in the use of water for irrigation, where but a limited 
amount of acres are employed, the tile system is by far the best. But to do 
this so as to give best results from the least amount of water applied, it must 
be properly and systematically done. 

The old system of digging deep trenches— 20 to 30 inches in depth — has 
been totally discarded. The best results recorded are from tile that are laid 
from 16 to 18 inches below the surface of the ground, the soil being first thor- 
oughly broken up and pulverized as deep as the tile is laid, which enables 
the water to penetrate the earth laterally from four to six feet on either 
side of the tiling, giving it a more even and regular water supply. Where 
the tile is deeper much more water will be required, and unless the soil was 
similarly prepared as when laid shallower it would not reach out one-fourth 
the distance, and for all practical purposes such a system would be utterly 
uj^less. Tile should be laid practically on a level, if land permits, to ?:et 
best results. Avoid the tiling system in orchards or for deep-rooted crops, 
since deep rooted plants, vines, and trees, with their small fibrous roots will 
soon reach down and out to the depth of the tile, and enter it, which will soon 
fill up, stop the flow of water and burst the tile, causing crops to perish be- 
yond the point of break or stoppage for lack of water supply, and the diffi- 
culty cannot be detected until the crop shows signs of lack of water supply. 
To get best results from such a system the pipe or tiling ought to be not to ex- 
ceed 12 feet apart. 
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DISTRIBUTION OF WATER. 

In order that the best possible results may be realized from the artificial 
application of water to land, much depends on the equal distribution of the 
water over the land to which it is applied.. This cannot be successfully 
done when the land is in a rough and uneven condition. Neither will It pro- 
duce the results hoped for; besides it is a great waste of water. Drowning 
out a crop on the lowland on account of too much water while the crop will 
perish on the higher ground for the want of it. A perfectly even application of 
water must be had to all parts of the field irrigated, to insure success. This 
can be done by leveling the land so as to have a gentle slope away from 
the ditch or laterals supplying the water. Reservoirs ought to be placed on 
the highest point of the land from and to which it is to supply water. Ditches 
conveying water from reservoir to land ought to be so constructed as to hold 
the water above highest level of land to which it is carried, thus enabling 
the irrigator to handle the water with perfect ease and under absolute con- 
trol, to all portions of his field or garden. 



FALL OR WINTER IRRIGATION. 

One of the most important factors in the artificial application of water to 
land is to know when to do it, and how it may be best applied to insure the 
best results from a limited water supply. The thorough saturation of the 
soil during the fall and winter has fully demonstrated the fact that a ceroal 
or forage crop will require from one-third to one-half less water to mature 
a full and bountiful harvest than the plan of spring and summer irrigation 
with an abundance of water. The soil appears to demand som^thing more 
than the mere plowing and watering. It seems to need the freezing and 
thawing process during the winter and early spring, which it cannot get or 
have unless the soil is thoroughly soaked with water during the fall and 
winter. To begin with, all lands under irrigation, before any water is 
applied to them, ought to be subsoiled 18 or 20 inches in depth; when that 
is done, it should be thoroughly saturated with water and, as soon as dry 
enough to plow, to be plowed and fully prepared for seeding. No crop ought 
to be put on any ground, no matter at what season of the year it is put in oi 
planted, until this preparation has been made — ^whether for wheat in the 
fall, or corn, oats or barley in the spring; vegetable crops, as well. This 
system insures an early appearance of the plant, soon after seeding or plant- 
ing, and just when one expects to see it come up. The secret of deep plow- 
ing or subsoiling and thorough irrigation after land is so prepared is, that the 
water is placed far below the root of the plant, instead of being above it, in- 
creasing the condition of plant growth, rather than lessening it; besides, 
water is not so readily evaporated when deposited deep, and held back much 
longer, until drawn upon to sustain plant life, rather than to be drawn from a 
shallow bed by the rays of a noon-day sun. Then, again, by fall or winter 
irrigation a much larger area can be covered and water is easier distributed, 
the loss of water by evaporation and percolation is much less, and when the 
supply of water is limited, this is a very great advantage, especially with the 
individual pumping system, by wind power. Windmills will run in winter 
time Just as well as in summer, and there is no valid reason why they 
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should not; keeping them in constant operation will give an increase of 
water, which means an increase of acres to be irrigated. An acre irrigated 
during the winter means just that much less water to that irrigated acre 
during the summer to follow. Winter iiTigation means an increased acreage 
from a liniited water supply. 



FACTS WORTH REMEMBERING. 

An acre foot of water is 325,851 gallons. 

An acre of ground contains 43,560 square feet. 

One cubic foot per second: 50 California inches. 

One cubic foot per second: 38 Colorado inches. 

One cubic foot per second, one day: 2 acre feet. 

One cubic foot j)er second, one year: 724 acre feet. 

A cubic foot of water weighs about 62% pounds. 

A cubic foot of water contains about 7% gallons. 

A gallon of water weighs about 8^^ pounds. 

A gallon contains 231 cubic inches. 

An acre of groimd, covered with 12 inches of water is called an acre foot 
or 43,560 cubic feet, or 325,851 gallons of water. 

A second foot of water is the quantity represented by a stream 1 foot wide 
and 1 foot deep flowing at the velocity of 1 foot per second. 



Digitized by 



Google 



TomblinJ SmaU Pumpi7ig Plants on Uplands, 201 



Small Pumping Plants on the Uplands. 

By M. B. TOMBLIN. 

The following extracts from letters and reports, giving information and 
opinions as to the success of the small pumping plants for irrigation pur- 
poses on the uplands, will prove interesting: 

E. Doom, Jennings, Decatur county. — ^Irrigating one-half acre with wind- 
mill, from a well 100 feet deep, cultivating a crop which he valued at $200; 
states in his letter, "I believe that one man can, with a 10-foot windmill, 
pump enough water from a 100-foot well to water a garden that will raise 
all of the vegetables and potatoes to do a family of seven for a year." 

Mr. G. F. Kreger, Oakley, Thomas county. — Pumping water from a well 82 
feet deep, with a IC-foot mill, irrigating one acre, estimates the value of prod- 
ust raised from the acre at $150. 

Mr. T. T. Dean, of Cedarville, Smith county. — During the year irrigated 
one-half acre from a well 40 feet deep: in his letter he states, "My onions 
yielded at the rate of 600 bushels per acre, potatoes 500 to 600 bushels, corn 
60 to 70 bushels. Every man should irrigate at least one acre, as he is then 
always sure of a cellar full of truck, which goes a long ways towards living. 
I have not been to $5 cost on my plant in three years, since starting the same. 
I have a steel wheel geared, as they pump in less wind. I hauled clay from 
a railroad cut to line my reservoirs, as the soil was loose sand." 

3. N. Norris. Sylvan Grove, Lincoln county.— Irrigated from a well 73 feet 
deep, and the product from his one-half acre he valued at $125. He says, "I 
think irrigation by pumping quite a success, but do not think that it will 
pay to pump water that deep (73 feet) for a field crop." 

M. L. Walcher, Greensburg, Kiowa county, irrigated from a well 70 feet 
deep, and says, "From two to four acres might be irrigated with a windmill 
to raise an abundance of vegetables. Plenty of water can be raised for gar- 
den and orchard and 400 or 500 head of cattle by one pump." 

Daniel J. Rundell, Almena, Norton county, has during the past year irri- 
gated three acres from a well 93 feet deep*. His letter is as follows: "I think 
that irrigation by a windmill and pump is a success to the extent of irrigating 
a garden and truck patch for family use, but to attempt to lift water 100 feet 
to irrigate ordinary farm crops I would consider to be a failure." 

Richard England, Monument, Logan county, has irrigated this last year 
about one-fourth of an acre from a well 100 feet deep; the value that he placed 
on his crop was $100, and says, "I have Just constructed a reservoir 110 feet in 
diameter, and have five feet of water in it at this time. I use a 10-foot Dandy 
steel mill, with a 4-inch cylinder and 2-inch pipe, and I raise the water just 
100 feet. I have irrigated all of the winter, and it keeps my reservoir nearly 
full all of the time. I intend to build another reservoir this spring." 

J. R. Crothers, Liberal, Kas., irrigating a garden of 35 square rods, the 
crop value of which was $100, says, "I am an invalid and have had to hire 
nearly all of the work done. I have raised nearly all kinds of garden truck, 
including potatoes, and it was the finest I have ever seen grow anywhere." 

D. E. Barnes, Hays, Ellis county, irrigated a small garden, and says, "I 
bought a second-hand windmill and repaired it myself. The outlay was so 
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small and the return so great that I am an enthusiast on the subject, if it is 
conducted on a small scale." 

E. Nelson, McGraw, Sheridan county, irrigated one-eighth of an acre. 
Says, "On a space 10x26 feet I raised lO^^ bushels of tomatoes; on a space 
11x40 feet I raised 105 heads of cabbage that averaged seven pounds, and other 
truck In like proportion. When my neighbors saw me planting my garden 
thoy said that I would never get anything where I had it so thick, but when 
they made me their annual visit this fall, they said that I was a ^vorld- 
beater* on the garden. I plant my squash inside the fence, training the vines 
through the fence, thereby protecting the plant while it is little, and I raised 
wagon loads of squashes; I do likewise with cucumbers on the opposite side." 

John Ulch, Barnard, Lincoln county, has irrigated two acres of ground, 
and the estimated value of his crop was $600. Regarding his plant, he says, 
"It is at the A. T. &. S. F. R. R. water tank, and I use watw* from the tank to 
irrigate with." 

John Schlyer, member of the legislature 1895, Hays City, Ellis county, has 
irrigated one acre of ground from a well 25 feet deep. His value of crop raised 
was $250. He says, "Irrigation by pumping, in my opinion, will pay very well 
for vegetables — potatoes, cabbage, etc. I have had no experience with field 
crops." 

August Hahn, Stafford county, EUinwood post-office, has irrigated five 
acres, elevating the water by horse power from a well 20 feet deep, and figures 
the value of his crop at $1,200. In his letter he says, "Beginners should go 
slow; generally they will apply too much water, and do not do enough culti- 
vating; furthermore, heavy land (gumbo) is not fit for irrigating, a loamy, 
sandy soil being much the best." 

Geo. GriptoQ, Smith Centre, Smith county, has irrigated about five acres, 
and uses a Jumbo windmill. He states, "The value of my crop raised, I con- 
sider was $500. Irrigation by pumping is a success for vegetables, but not for 
field crops." 

S. A. Marteeny, St. John, Stafford county, is irrigating three acres from a 
4U-foot well, and has raised potatoes, strawberries, blackberries, raspberries 
and garden truck to the value of $300 per acre. He says, "I have been Irrigat- 
ing garden and small fruits in a small way for the past 10 years, and 1 have 
found that it pays largely." 

R. B. Huddle, Selden, Decatur county, is irrigating one-sixth of an acre 
from a 40-foot well, using a 10-foot windmill, and estimates his crop at $100. 
and says, "I raised tomatoes at the rate of 300 bushels per acre, peas 100 
bushels, beans 100 bushels, radishes 600 bushels, and cucumbers at the rate of 
200 bushels per acre. I am going to put in a larger plant next year if I can 
afford it, as it will pay big." 

J. C. Haffeditz, Hoxie, Sheridan county, during the year 1896 irrigated one 
acre of land from a well 128 feet deep, using a Halladay 14-foot mill, and was 
very successful in raising strawberries, grapes, trees and garden truck. He 
states, "I have nine square rods of strawberries, from which we have gath- 
ered 1,200 quarts of berries. I ana of the opinion that irrigation by pumping 
on the uplands would be a success to about the extent of five acres out of 160, 
with proper machinery. The trouble is to get the well deep enough into the 
sand, but I believe that it could be done with proper machinery. I believe 
that the sugar beet should be thoroughly tested in a number of places in 
western Kansas and Colorado and ascertain the amount of sugar that might 
be produced. I believe that this will yet be the home of the sugar-beet in- 
dustr>/' 
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Ben. C. Rich, Ellis, Ellis county, says, "My water supply is drawn from a 
well 45 feet deep and about 40 feet lift, when the pump is in operation; pump, 
2-inch .supply and discharge pipe, cylinder 4x16, power 8^-foot steel mill on 
9-lnch stroke; two reservoirs of 200 and 400 barrel capacity, stocked with Grcr- 
man carp. I Irrigate from three to six acres of orchard trees and garden, 
according to season. The orchard and garden is worth at least $200 a year to 
my family by means of supplies of vegetables and fruit; we also sell consid- 
erable of the surplus. I have been irrigating since July, 1891. Irrigation of 
two acres or more means a good supply of living necessities to any family 
which practices it. 
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Irrigation Statistics. 

By WM. B. SUTTON. 

One of the things which every member of the Board deemed essential to 
the presentation of the subject of irrigation to the legislature was the obtain- 
ing and tabulating of information relating to the condition and progress of 
irrigation in the state. 

Have the people in Kansas attempted irrigation? If so, have the results 
been satisfactory? Has it paid or given promise of reward for the efforts 
and expenditures? Has the practice of irrigation in Kansas grown? Is irri- 
gation practiced among the tillers of the soil or is this industry confined to the 
f oors of irrigation conventions and the column in the weekly newspaper 
headed "Irrigation"? What return does the irrigator receive from his lands 
and what is the verdict of the man who actually tills the soil and "waters the 
land with his foot"? How and where does he get his water? Is there benefit 
in it to the state, or is it a fraud or a fad? 

To obtain light on these subjects, a series of questions was framed and a 
supply of blanks sent to every township trustee in the territory west of the 
9Sth meridian, requesting him to procure a blank to be filled out by pvery 
irrigator in his township. 

The Board also ascertained as far as possible the names and post-office 
address of every person within the territory who was supposed to be practic- 
ing irrigation and sent to him a blank with a stamped envelope for its return, 
and requesting a full report. 

A copy of the blank sent out in the spring of 1895 is here given. 

County township , name , post-offlce 

How many acres do you irrigate? ; when did you first begin irrigation? 

; what is your source of water supply — stream, well or storm-water 

reservoir? ; depth and diameter of well? ; depth to water? 

; thickness of water-bearing stratum? ; how much is your 

water supply? ; amount pumped daily during growing season? 

what power do you use? ; kind of pump? ; size of cylinder? 

; length of stroke ? ; cost of power per week? : give 

cost of plant complete, not counting your labor ; what crops did you 

grow in 1894? ; give yield of each per acre ; give gross value of your 

irrigated crops in 1894 ; how often did you apply water to various 

crops? ; is irrigation by pumping a success? ; how much will 

you irrigate this year? ; give name and address of your neighbors 

who will irrigate this year for the first time 

Tbe information contained in the reports returned satisfied the Board that 
the same thing should be done again in the spring of 1896, and it accordingly 
was. 

The tabulations of the main facts shown by the reports for the two years 
are here given separately. 

These tabulations are made from the reports sent in by the individual irri- 
gator himself and usually over his own signature, and are in the nature of 
direct and positive testimony. An exception to this is the number "Beginning 
Irrigation in 1895"— 1,241, as appears in the table of 1894. 
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This is in the nature of hearsay. A report of the operations of 1895 was not 
asked in the blank, but the irrigator was asked to send in the names of those 
who would begin to irrigate in 1896. One thousand two hundred and forty- 
one is the number thus reported as beginning in 1895. The 1895 column of the 
table of 1895 statistics shows reports from 669 as beginning their irrigation 
operations in 1895. The number reported in the table of 1895 as beginning 
their operations in 1896, which is of the nature of hearsay above alluded to. 
is 1,410. 

If the same percentage held good for 1896, as appears to have in 1895. 
the real number beginning irrigation in 1896 would be 761, which is prob- 
ably very close to the fact. 

A study of these tables will better than any other way acquaint the in- 
quirer with the rise and growth of irrigation in Kansas. 

The earliest irrigator reported is Joe McAdams, of Northfleld, Sherman 
county, who reports his operations as beginning in 1875, and next to follow 
him is L. A. Martin, of Lakin, Kearny county, in 1878, and next is Geo. Alla- 
man, of Wallace county, in 1879. 

Little progress seems to have been made, according to these reports, until 
1887, when 17 new entries were made in the list. The number annually in- 
creases from 1887 until 1893, when 106 new plants were established; 250 in 
1894, and 669 in 1895; 1896 has probably witnessed the establishment of not 
less than 1,000 new plants. 

It will be noted here that the giving of this information was entirely vol- 
untary on the part of the irrigator, and that it did not suit the convenience 
and inclination of every person to make us a report. 

We heartily recommend that the subject be followed up by the legislature 
and that the secretary of agriculture be directed to gather in the future like 
statistics and such others as may be essential to a full knowledge of irriga- 
tion in the atate. 

A table has also been made of the depth of wells from which water for 
Irrigation purposes is pumped, which is here given. 

DEPTH OF WELLS. 

Number of wells less than 10 feet 16 

Number of wells 10 to 20 feet 96 

Number of wells 20 to 30 feet 54 

Number of wells 30 to 40 feet 63 

Number of wells 40 to 50 feet 22 

Number of wells 50 to 60 feet 20 

Number of wells 60 to 70 feet 14 

Number of wells 70 to 80 feet 34 

Number of wells 80 to 90 feet 21 

Number of wells 90 to 100 feet 31 

Number of wells 100 to 110 feet 12 

Number of wells 110 to 120 feet 14 

Number of wells 120 to 130 feet 21 

Number of wells 130 to 140 feet 8 

Number of wells 140 to 150 feet 16 

Number of wells 150 to 160 feet 12 

Number of wells 160 to 170 feet 5 

Number of wells 170 to 180 feet 12 

Number of wells 180 to 190 feet 5 

Number of wells 190 to 200 feet 4 

Number of wells 200 to 220 feet 1 

Number of wells 220 to 240 feet 2 
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These reports also show as follows: 

1894. 1896. 

Gicsa money value of crops, per acre, all tracts $14 75 $20 08 

Gross money value of crops, per acre, tracts over 10 acres.. 21 05 11 15 
Gross money value of crops per acre, tracts 10 acres and 

under 74 64 57 15 

Number of acres irrigated 5,166.67 8,530.63 

Average money cost of windmill plants $118 89 $116 97 

Average money cost of steam plants 372 50 260 00 

Average money cost of gasoline plants 500 00 550 00 

Average money cost of horse-power plants 85 10 78 43 

To ascertain the opinions of those actually engaged in pumping water for 
irrigation purposes, this question was propounded in the blanks furnished for 

both years: "Is irrigation by pumping a success?" 

1894. 189S 

Aflirmative answers 440 970 

Negative answers 4 36 

When any other business can make a showing equal to this it will be time 
to call the irrigator a crank and class his occupation among the lost arts. 
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Report of Inquiries on Irrigation in 

Europe. 



It will be very interesting to read in connection with the fore- 
going statistics a report of inquiries into irrigation in Europe made 
hj President Fairchild, of the State Agricultural College, an advisory 
member of tliis Hoard, during a trip abroad in 1895. Interesting 
comparisons may be made between the showings of the two reports. 
President Fairchild- s report is as follows: 

To the State Board of Irrigation: 

Gentlemen— Upon my undertaking, June, 1895, for personal pleasure and 
general information, a two months' tour in England, Scotland, France, Switzer- 
land, Germany, and Holland, you were pleased to gain for me, from the 
governor of the state, a commission to inquire into any matter touching irri- 
gation which might fall in my way. The circumstances of my journey were 
such as to prevent any extensive observations upon the actual practice of 
irrigation, as I could not visit the most noted enterprises of the south of 
Franco. These, I was willing to pass by for the reason that, being govern- 
ment enterprises, they have been thoroughly described in most excellent 
government reports, which have been well set forth by experts from this 
country like Prof. C. A. Kenneston, of Salt Lake City, Utah, and Prof. L. G. 
Carpenter, of Fort Collins, Colo. It was improbable that my observations or 
inquiries should add anything to what these gentlemen have already pre- 
sented. 

The few systems of irrigation passing under my own observation were con- 
fined to pastures and meadows along the upper and middle Rhine, where the 
ordinary methods of conveying water in ditches from which it is spread over 
levels and slopes is universal. I could discover no new or superior con- 
trivances in these old and long-established irrigations. 

My inquiries were limited to three classes of questions most important in 
Kansas experiments with irrigation at this stage of our progress: First, the 
general feasibility of raising water from wells for a profitable irrigation; 
second, the decisions from actual experience as to how little water may be 
made to serve for irrigation of a given area under given crops; third, some 
data for estimating the general average profit from irrigated lands. 

With these questions in view, I visited the chief of hydrographic agricul- 
ture for the republic of France, at his office in Paris. A most cordial recep- 
tion was given me, and a special interview was accorded me, at which I made 
my questions understood, though with some difficulty for want of fluency in 
a foreign tongue, while the chief and his clerks were no better equipped 
than I. 

My questions, however, were fairly presented and as fairly answered, while 
I was given every opportunity to examine the extensive plans for future 
enlargement of the irrigated lands in the region at the foot of the Pyrenees. 

To the question as to irrigation by wells, the answer was distinct, that no 
information was at hand, or anywhere to be secured, a few individuals only 
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having made the attempt on a small scale. No thought had been given to 
the possibility, and no interest had been aroused. To the question as to 
minimuTTi amount of water. I found no answer, for the investigations of the 
department had not yet required its settlement. To the third question, upon 
actual profit, an encouraging answer was given at the time with the promise 
of definite data in future. Especially interesting was a final interview with 
M. Emile Briotet, engineer in hydraulic agriculture, and I left him with ad- 
miration for his intelligent interest in all that pertains to experimental irri- 
gation. 

Since my return to college duties, I have received from M. Briotet a state- 
ment prepared for the French Association for the Advancement of Sciences 
in 1S87 by M. Fontes, engineer for Toulouse, which is so interesting and ex- 
plicit that I translate portions of it for this report, transcribing his tables 
with slight condensation and adaptation to our land measurements and our 
money. In doing this I have treated the French hectare as 2% acres, and 
tho franc as 20 cents. Though this treatment is not strictly accurate, it does 
not mislead in estimating results. 

The pamphlet is entitled: **Consi derations upon the Advantages of Irri- 
gating Canals, by M. Fontes, Engineer in Chief at Toulouse. September. 
18S7." 

The author, after saying that he presents simply a study upon the utility of 
irrigation, and that technical works on irrigation, when questioned as to the 
interest which proprietors have in irrigating their lands, do not in general 
answer the needs of those who consult them, proceeds as follows: 

"This side of the question is above all the most, not to say the only, in- 
teresting one for irrigators." 

"Irrigation enters into the category of industrial culture. Before under- 
taking it, one ought to ask himself, 

*'l. To what expense for first establishment shall I be put in order to place 
my lands under irrigation?" 

•*2. What increase of net revenue shall I receive from it?" 

"Such are the questions which propose themselves to the proprietor and, 
let us say too, to all those who have either to give advice upon establishing 
irrigation ditches, or to share in any manner whatever in an enterprise of 
this kind." 

"Now this question, which we have up to this time found answered only 
by the statement of predictions not sanctioned by a sufficient number of re- 
sults obaerved, and only by examples which it will not always be prudent to 
follow, is not even stated in most didactic treatises for want of results of 
experience in sufficiently large quantity. It is this gap which we wish to at- 
tempt to fill in what concerns the region placed under our oversight. 

"To this end we have collected with care the practical results of irrigation 
of various classes, extended over an area of about 3,000 acres taken in dif- 
ferent parts of the department of the High Garonne. 

"We say, intentionally, irrigations of various classes, for our statistics 
apply to Irrigations which, though but little separated geographically, are 
practically in regions quite distinct in the various points of view topograph- 
ical, georraphlcal, and meteorological." 

After describing the region irrigated as subject to two periods of drought 
annually, well meriting the name of "country of thirst," the author gives 
the particulars as to Irrigating canals along which lie the plots of land irri- 
gated, and then condenses into interesting tables the statistics gathered. He 
says: 

"We h8ve. unhappily, been unable to collect dat§jg^^^^^^^l^tef^llrface 
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irrigated, and have been forced to content ourselves with results obtained upon 
a little more than a fourth of the area, the greater part of the irrigators having 
not known bow to render account of what they had done, or having refused 
to furnish them. The tables contain: 

"1. The figures which concern the plots where were obtained the lapt,pst 
net increase per acre.'* 
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"2. Those which coDcern the plots when this increase has been least" 

"3. Some examples of results obtained at the same time by proprietors 
irrigating surfaces of a given extent." 

"4. An example of results obtained in a community where irrigation is 
reputed to have resulted badly." 

"5. Finally the total result and the general average of the entire collec- 
tion of irrigations observed." 

Eyplaining the tables, the author says: 

"We give in such case, beside the annual net increase of revenue in money, 
the figures of this value diminished by 10 per cent, of the total cost of first 
establishment. This last figure appears to us the one which gives the best 
idea of the success of the operation from a financial point of view, since it 
supposes the restoration of the capital engaged in a little less than 15 years, 
with 5 per cent, interest on the capital employed." 

"We have abstained from giving any figures concerning the increased value 
of the land. It is difilcult, on the one hand, to have sincere declarations on 
this subject, because of the fear which the treasury inspires, and on the 
other hand, the crisis which underlies at this moment the salable valuo of 
the property does not permit it to rest upon certain and fixed points of com- 
parison." 

In explanation of great variations in the tables, noting that one has in- 
creased his annual net revenue by $25 per acre while another's increase is but 
$4 per acre, he says: "It is necessary to notice that the latter is the pro- 
prietor who made least expenditure in cost of first establishment, and one 
of those who expend least in cultivation; he can thus be considered as having 
perchance, not operated very well." 

"This observation appears very nearly general. It is rare that irrigations 
where little expenditure in first establishment is made, and above ail those 
where slight cost of cultivation is made, give a very good result." 

Twenty companies, irrlgatiug all together 1,583 acres, gained a net prcflt 
from irrigating of $20,877.96, averaging $13.57 per acre, and ranging becween 
$5.12 and $17.60 per acre. 

I take the greater pleasure in presenting these tabulated facts from such 
eminent authority, because from the nature of the paper it seems to havp had 
a limited circulation. They will bear careful study, with a view as to in- 
ferences as to profit in our own state, however different the conditions. The 
chief crops, it will be noticed, are hay and forage, most profitable in an arid 
region supplied with stock and near market, but unprofitable for distant 
market. 

The fact must not be overlooked that the general character of the irrigation 
farming described is European rather than American, implying the utmost 
economy of labor and capital in an intensive agriculture. The results are, 
however, intensely interesting as giving some definite means of judging the 
actual advantage and general profit of irrigation. 

Hoping that this slight service, incidentally resulting from my summer's 
journey, may be acceptable, I remain. Very respectfully yours, 

GEO. T. FAIRCHILD. 
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Financial Statement. 

By THE BOARD. 

The management of the finances of the Board has been difficult because 
the commissioners were set to work upon an entirely new task. No public 
work of this character had been previously done in this state, and there were 
no precedents to guide us or by which we were enabled to measure the ex- 
pense of tho work to be done. We were directed by the act to perform a work, 
the full accomplishment of which would require an appropriation many 
times larger than that which the act carried, because many unlocked for, 
unexpected and extraordinary expenses were encountered In the construc- 
tion of the pumping stations, largely due to the fact that there was very little 
detailed information upon the geological structure of the territory in which 
the stations were located. 

The construction of these plants under the conditions prescribed by the 
law, "the contract system," was unduly expensive; for instance, a contractor 
for a well was confronted, first, with the uncertainty of its depth and his 
ignorance of the strata to be penetrated. 

Second, its dimensions were usually much greater than he had any expe- 
rience with. Third, the necessity of accurately furnishing samples of the 
various strata through which he passed, and many other conditions and stip- 
ulations necessary to preserve accurate data which would be of service to 
others following in his footsteps; and, lastly, finding when well advanced 
with his contract that his machine was totally unfit for the work he had 
undertaken. 

It is prooably true with very few exceptions that the well contractors did 
not make day laborer's wages in sinking these wells, while the fact remains 
that with a suitable machine every one of them could have been sunk for less 
money than it cost this Board. 

Again, the state was not a housekeeper on the site of the wells, to furnish 
"accommodations for man and beast," and hotel bills and all sorts of expenses, 
including hauling of materials, in some cases long distances, added enor- 
mously to the cost. Then came the pump man, whose contract included not 
only the cost of the pump and pipe, but the expense of skilled men at long 
distance from home to put them in place; the same is true of the power con- 
tractor, whose freights, car fare, transportation across the country, and the 
hiring of skilled men, swelled the cost in every direction. 

The contractor for the reservoir figured wages for men and teams and 
items for delays and inconveniences which were occasioned by the failure 
of pump and mill to supply him with water at the time most needed. 

Very many of these expenses would not enter into the cost of a similar 
plant constructed at the home of the farmer. 

Below we give a statement, grouped under proper heads, of the expendi- 
tures of the Board up to and including the 8th of January, 1897. 
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FINANCIAL SUMMARY. 
Appropriation $30,000 

D. M. Frost, personal account, including salary |2,971 81 

M. B. Tomblin, personal account, including salary 2,585 85 

Win. B. Sutton, personal account, including salary 2,274 72 

Geo. T. Fairchild, personal account 13 95 

B. Haworth. peisonal account 88 39 

Stationery and printing 245 39 

Olfice furniture 85 35 

Postage 355 00 

Expense 497 27 

Clerk hire 805 35 

Stream measurements 571 51 

Irrigation survey under Professor Haworth, Lawrence 1,188 47 

Pump tests under Professor Hood. Manhattan 315 41 

Artesian experiments under D. M. BYost 301 58 

Apparatus, not otherwise charged 239 lo 

Construction of stations 14,568 82 

Repairs to stations 1,109 09 

Experiments at stations 450' 81 

Operation of stations 159 02 

Unexpended balance 1,173 11 

Total $30,000 

PROPERTY. 
The Board has on hand the following property to turn over as the legis- 
lature may direct: 

Plant No. 1, Hamilton county $869 12 

Plant No. 2, Gray county 789 87 

Plant No. 3, Grant county 9^7 91 

Plant No. 4, Sherman county $2,078 23 

40 acres of donated land 400 00 

2,487 2:^ 

Plant No. 5, Logan county $1,503 60 

40 acres of donated land 400 00 

1,903 60 

Plant No. 8, Lane county $498 48 

40 acres of donated land 400 00 

ggg ^g 

Plant No. 9, Haskell county $1,895 80 

40 acres of donated land 400 00 

2,295 80 

Plant No. 11, Rawlins county $914 50 

40 acres of donated land 400 00 

1,314 50 

Plant No. 12, Rooks county $641 90 

40 acres of donated land 400 00 

1,041 90 

Plant No. 13, Ford county $927 37 

40 acres of donated land 400 00 

1,327 37 

Plant No. 14, Seward county (estimated) $800 00 

40 acres of donated land 400 00 

1,200 00 

Plant No. 16, Hodgeman county $1,272 08 

40 acres of donated land 400 00 

1,672 08 
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Plant No. 19, Wallace county $588 34 

40 acres of donated land 400 00 

$988 34 

One oak cabinet letter file 50 00 

One letter press, stand, etc 11 70 

One typewriter 107 50 

One old typewriter (useless). 

One dynamometer 237 00 

A quantity of pipe 25 00 

One centrifugal pump 60 00 

Two well fishing tools 37 00 

One case of samples of strata, In glass 109 00 

One stove 16 70 

Total $18.2G3 60 
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General Comments. 

By WM. B. SUTTON. 

The preceding pages have narrated the proceedings of our Board and the 
results which have been attained. We believe that a substantial contribu- 
tion has been made to the stock of knowledge and information pertaining to 
irrigation by pumping; to the better understanding of the quantity and dis- 
tribution of the subterranean waters of the western portion of the state; 
to a knowledge of the means and appliances for lifting them to the surface 
and storing them for future use. 

What we have done we have endeavored to do thoroughly, and our con- 
clusions have been carefully considered and are the expressions of our best 
judgment. 

It only remains briefly to touch upon a few points which seem appropri- 
ately gathered under this head of general comments. 

LOCATIONS OF STATIONS. 

The first stations located by our Board were upon the unoccupied school 
lands of the state, as contemplated by the law. This necessitated their con- 
struction at couslderable distance from any town of size or importance; 
largely increased the cost, and made them very inconvenient of access, and 
their care and operation at reasonable expense well-nigh impossible. They 
were not easily and conveniently seen and inspected by the people of the 
surrounding country. When these facts became known and appreciated by 
the Board, we endeavored to locate future stations close to some town of im- 
portance, giving precedence always to the county seats when located on rail- 
roads; to illustrate: 

Station No. 1, Hamilton county, on unoccupied school lands, is six miles 
north of Kendall. 

Station No. 2, Gray county, on unoccupied school lands, is six miles south- 
west from Cimarron. 

Station No. 3, Grant county, is six miles from Ulysses; while No. 5, LK^an 
county, on donated land, is about one-fourth of a mile from Oakley; No. 6, 
Wichita county, on donated land, is about one-fourth of a mile from Leoti: 
No. 8, Lane county, on donated land, is about one mile from Dighton, etc. 

Not only did this place the stations where they could be seen and ex- 
amined conveniently by a large number of people, but acquired for the state 
a quantity of land of very considerable value. The total of donated lands 
is 400 acres, the value of which is not less than $10 per acre, or $4,000. 

SINKING WELLS. 

Our experience in putting down wells in this territory satisfied us that it 
was a great mistake to let contracts to local well-drillers. We were ham- 
pered, however, by the necessity of soliciting bids separately for each station, 
and In awarding the contracts giving preference to those bidders living 
nearest the work. The well drillers in the western counties do not have 
suitable tools for drilling wells of the size and depth required by the Board, 
and those having the proper machinery and equipments lived at a great 
distance and could not make reasonable bids upon the stations separately. 
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The Board did not feel justified in letting contracts for a large number of 
thorn in a lump, because of the experimental nature of the work to be done 
and the necessity of continual alterations in specifications. The trials of the 
well contractors in sinking these wells, the annoyances and unlooked for ex- 
penses and delays occasioned to and by them, would fill a volume. With 
the exception of one or two six-inch tubular wells and two or three dug wells, 
the process was long and tedious, vexatious and annoying to the Board and 
unprofitable to the contractors. Viewed by the aid of our experience, the 
best investment which could have been made at the beginning of our work 
would have been a suitable drilling machine, and the employment by the 
month of a skilled man to operate it, depending for common help upon the 
neighborhood in vhich the drilling was to be done. While an outfit of this 
kind could not have been all over the territory at once, it still could, in the 
two seasons, have fairly covered the whole ground, and have bored at least 
50 wells in the lifetime of the Board. Such a machine would require a trac- 
tion engine to operate it, but one could have been rented in almost any 
locality, and each well as finished might have been tested with the same 
power that operated the drill. We would not hesitate to recommend, in 
case your honorable body should decide to continue this investigation by 
means of wells, that you so frame the law that some such plan as this might be 
fairly within the powers of the Board. 

A very important question is. How should a well be made in this terri- 
tory? The experience and observation of the Board lead it to some con- 
clusions on this subject. The well maj' be either open or tubular. 

A TUBULAR WELL 

Is cheaper, and answers every purpose if any one stratum of water-bearing 
sand or gravel is of sufficient thickness and coarseness to furnish the re- 
quired water. A tubular well is made by starting with a pipe of the re- 
quired size for the pump and sinking the pipe by drilling inside of it: 
when the drilling is finished a sand screen is dropped to the bottom of the 
pipe, the pipe drawn up within a foot or two of the top of the screen, and 
the sand screen s wedged in the pipe; a working barrel is then lowered so 
that it rests on the sand screen; the lower valve is then dropped in place, 
the plunger attached to the pump rod; the well is finished, and the pump 
is ready to be connected with the power. 

In a very large portion of our territory a single water-bearing stratum 
can be found which will supply pumps up to six inches in diameter, although 
this is not true in every locality. The one serious objection to this form of 
well is the difficulty of repairing it in case of accident to the sand screen. 
An Instance in point occurred at station No. 9, Haskell county, where it was 
necessary to cut off the six-inch pipe and abandon about 90 feet of pipe and 
rods, besides the working barrel and sajid screen, because they could not be 
pulled out. The plunger valve and working barrel can usually be drawn out 
without disturbing the pipe. In some instances they cannot, as when the 
screen has admitted a quantity of fine sand which has filled the working 
barrel and impacted the plunger. In case the accident is of such a nature 
that the pipe must come out to repair it the trouble is very serious. The pipe 
may be cemented in its place by sand, gravel and rock so as to render it 
immovable. Even if the pipe is drawn out, the well may cave and necessitate 
practically reboring. 
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OPEN WELLS. 

We think aii open well is best constructed by sinking an 11-inch artesian- 
well casing, iufaerted joints, and drilling inside, the casing to the bottom 
of the lowest water-bearing stratum. Then drop inside this casing heavy 
galvanized-iron casing, 9 or 10 inches inside diameter, perforated with a cold- 
chisel from the inside — say 72 perforations to the lineal foot from top of 
water to bottom of well, then draw out the 11-inch casing and suspend the 
pump (6-inch pipe) inside the galvanized-iron casing, and thereby utilize all 
the veins of water. 

In case the water from the lowest stratum rises freely, a portion of the 
well may be filled with coarse gravel, which permits the water to pass up 
freely and at the same time supports the casing. 

It is very difficult to insert this galvanized-iron casing in a hole made with 
an ordinary drill or auger without the aid of the artesian casing, as the 
caving of the sand makes great ti'ouble and annoyance and occasions fre- 
quent failures. The artesian casing also insures a straight hole, a very im- 
portant item in a well which is to receive a large pipe. 

Fine sand, which flows almost like water and caves incessantly, is liable 
to be encountered anywhere throughout the whole territory, and iron well- 
casing following the drill or auger is the only. successful way of treating it. 

Mr. B. G. Lawrence, of Tribune, Kas., a man of sound judgment and much 
experience, who put down two wells at station No. 6, Wichita county, using 
an ordinary drill machine and inserting the casing after the hole was made, 
after finishing the second well writes us as follows: 

"Just for the benefit of the public, I will say that I am thoroughly con- 
vinced that it is not practicable to put down wells so deep (145 feet) in the 
sand and water and use that kind of casing (galvanized iron). This well 
cost me every cent it came to. I have the experience for the work." 

Either the tubular well, or the open well with the heavy perforated gal- 
vanized iron casing inserted through the large artesian-well casing, is 
easily and surely made at the location of this station, and apparently in 
a large territory surrounding it. 

TOWERS. 

The manufacturers of windmills, in their negotiations and contracts with 
the Board, ascert and claim that their towers are of sufiicient strength and 
so securelv erected they cannot be overturned by winds which leave standing 
fubctantial buildings in the vicinity of the tow^ers. This assertion should be 
tikon with rujiuy grains of allowance, as several of the towers erected for 
this Board were prostrated by winds which produced little or no effect upon 
neighboring buildings, and we suggest that every newly erected tower be 
guyed with a strong wire extending from the top of each tower post to a 
secure anchor in the ground at least 100 feet distant from the foot of the tower 
posts and in line with them. None of our towers thus guyed have suffered. 

RESERVOIRS. 

Our specifications for the construction of a reservoir, ante, p. 13, will be 
found very useful. They contain our best judgment on that subject, and 
where strictly followed have uniformly produced good results. 
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RESERVOIR OUTT^ETS. 

We have tried different kinds of outlets. Among others a box made of 
2x12- inch planks 16 feet long, the inner end sawed at an angle of 45 degrees 
and provided with a door hung from the top, opened and closed by a pole 
fastened to the door and remaining in the box. It was not satisfactory. 
We also tried imbedding a piece of 6-inch iron pipe secured by bolts, in the 
inner end of the box, screwing to this a 6-inch elbow and into the elbow a 
piece of 6-inch pipe which, by means of a chain, was raised and lowered. 
When upright the water is shut off; to let water out the pipe is lowered by 
turning the upright pipe and elbow to one side or other, thus immersing it 
in the water. This is better than the wood door, but open to the objection 
that in time the threads of the pipe will wear out. 

The best outlet we have tried is one manufactured by the Frizell Hard- 
w&re Company, of Larned, Kas., and consists of a 16-foot length of galvanized- 
iron pipe, on one end of which (the inner) is fastened a valve seat, which 
receives a heavy iron valve elongated so that the lower end does not conit^ out 
of the chamber. To the top of this valve is fastened a rod and a chain, which, 
passing over a pulley on an upright post, furnishes the gearing for raising 
and lowering the valve. The chamber is also provided with a cage into which 
the valve fits snugly and prevents fish from escaping from the reservoir while 
water is being drawn oft'. 

COST OF STATIONS. 

The figurefi of cost of some of our stations should not be assumed as a 
measure of the expense of constructing an irrigation plant for private use, un- 
less it is to be let by contract under the system which governed us. In which 
case there is little room for saving except in striking out of our specifications 
those provisions relating to the preservation of data. 

An intelligent farmer, with some little idea of mechanics, may construct a 
plant, with water lift of 100 feet or less, equipped with 6-inch pump, 16-foot 
wheel, 30- or 40-foot tower, and reservoir, for a money outlay of about $500, 
assuming that he will perform by himself and teams all the labor, 'iside 
from that of a competent man to drill the well, put in the pump and erect 
the mill and tower, and will provide "accommodations for man and beast." 
For smaller plants the cost would be materially reduced. 

There are very few 6-inch pumps in our territory upon the uplands, 
which fact in a measure accounts for the low average cost of windmill plants 
in our statistics. Again, the figures are furnished, in many instances, years 
after the work was done (no account having been kept), and many items are 
forgotten and omitted. 

A 6-inch pump and 16-foot wheel, with water lift under 100 feet, would 
furnish the water for 10 acres of ground— not the first year, but after the 
reservoir becomes water-tight, the sand is all out of the well, so that water 
comes pure and free to the pump, and after the land has been repeatedly 
saturated. 

The great defect in pumping outfits is lack of strength and the over-load- 
ing of windmills. Avoid all kinds but tubular pumps for deep wells. 

LEASES OF PLANTS. 

The irrigation law provides that the Board, when the pumping stations 
were completed, should lease them to responsible persons. This provision 
was not productive of good results. 
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It requires experience, skill, watchfulness and judgment to keep a wind- 
mill and pump in constant working order. It also requires some knowledge, 
skill and judgment to apply water to vegetation successfully. 

About a new windmill plant there is apt to be more or less breakage and 
diflicuities; sand will cut out leathers and the pump will cease to raise 
water; bolts w^ill come loose and damage result to mill; pumping rods will 
break, and, worst of all, the screen may admit sand and impact the plunger, 
and new reservoirs will leak more or less. 

Seme of the plants were too remote from residences to be leased. 

The Board leased plants No. 4, Sherman county; No. 5, Logan county; 
No. 6, Wichita county; No. 8, Lane county; No. 11, Rawlins county; No. 12^ 
Rooks county; No. 13, Ford county. Nos. 16 and 19 were completed too late 
for the growing season of 1896. 

Some small use of the plants was made by the several tenants, but the 
results were not flattering, and far below what could be attained with the 
same facilities and more experience. The Board derived no revenue from 
them. The lessees of the Sherman plant. No. 4, and Rooks, No. 12, realized 
substantial returns for their labor. 

UPLAND IRRIGATION. 

Irrigation of the valleys by pumping the underflow waters of the streams 
has passed out of its experimental stage. This the legislature recognized 
in confining our operations to the uplands. Our investigations lead us to the 
conclusion that irrigation of the uplands by pumping the underflow waters, 
while yet in its experimental stage, bids fair to become an important element 
in the full utilization of the plains. 

The quantity of this water in many localities is enormous, and it is dis- 
tributed over a large proportion of the territory. 

It is not practicable in our present stage of knowledge to lift water from 
the underflow to irrigate the whole country or any great percentage of it. 
but an irrigation plant of greater or less dimensions, according to the tastes 
and circumstances of the owner, is practicable and absolutely essential lo the 
comfortable and successful habitation of that portion of the state west of 
the 100th meridian. 

The present chief use of the uplands of the western third of the state is 
for the growing of stock, and in order that they may be utilized to their 
fullest extent in this business it is necessary that families reside there and 
that water be pumped from the earth and food grown for man and beast. 

There is not one domestic animal in the western third of Kansas where, 
under proper conditions, five might be maintained. Nor will there be until 
an irrigation plant Is the basis of each home. 

Our Investigations satisfy us that there is available water to irrigate at 
least 10 per cent of the upland, which, with a fair market for the product, 
would make a rich agricultural and stock-growing section, and this propor- 
tion of the land will come under intense cultivation as the knowledge of the 
conditions is brought home to the people. 

To realize the change of conditions which may be brought about by the 
small Irrigation plant In connection with stock-growing, let us suppose that 1 
per cent, of the land Is irrigated. This means 6.4 acres per section, and is- 
easlly within the powers of a single windmill. This amount thus cultivated 
is a sure support for a family of five persons. The remainder of the 640 acres 
is available for stock and forage crops, and will support 30 head of cattle. 
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the profits of which may be laid aside, together with the proceeds of the 
poultry. Assuming the counties to average 30 miles square, there would be 
900 sections to the county. Five inhabitants to the section means a rural pop- 
ulation of 4,500, or a total population of not less than 6,000. This would be 
ihe effect of the irrigation of 1 per cent, of the lands. 

If a considerable number of the resident families be induced to put in 
irrigation plants, and thus cultivate a portion of the land to such crops as will 
best meet the needs of family and stock, their example will be followed by 
others, and the country will become more densely populated by a people com- 
fortably situated and reasonably prosperous. Immigrants coming into the 
territory will begin their operations on plans that will succeed, and not. 
as in the past, on plans that were foredoomed to failure. 

The small irrigation plant assures a home with green grass and flowers, 
fruit, vegetables and all the soil products of this latitude in abundance; also 
fish, ice, alfalfa, milk and butter, where now is nothing but bare prairie. 

When the time comes that a remunerative market is at hand for the prod- 
ucts of intense cultivation, there are both the land and the ^ater in wescem 
Kansas to respond to the demand. 

Many thousand bushels of potatoes which the people of Kansas will con- 
sume this winter were grown, by irrigation in Colorado on lands worth 
from $50 to $100 per acre, made so by the market which Kansas with other 
states furnishes for them. We make our western lands worth from %1 to $10 
an acre by farming them with crops that are not profitable, and make lands 
elsewhere worth from $50 to $100 an acre by buying their products, potatoes, 
etc., which our lands will produce as well. The humid parts of Kansas may 
grow very fine potatoes, but many people will not buy them while the Colorado 
potatoes are in market. The soil of the western third of Kansas, water 
being applied, will grrow as fine potatoes as Colorado. 

The American people pay about 100 million dollars per annum for r^ugars 
largely produced from the sugar beet, which will grow as luxuriantly in west- 
ern Kansas under irrigation as anywhere else. The time will come when 
western Kansas will be more evenly than now divided between the potato, 
the sugar beet and the steer, and wise and Judicious legislation may greatly 

hasten its coming. 

EXPERIMENTAL FARMING. 

Some of the uninformed, and some of the misinformed, and some of the 
unfriendly, have criticized our work and have censured us because we made 
no effort to farm the stations. 

In the last clause of section 5, chapter 162, Laws of 1895, the Board was 
prohibited from doing any "experimental farming'*; hence we did not plant a 
tree, we did not plow a furrow or raise a cabbage, and the success or failure 
of our work is not to be judged by the garden truck we raised, or did not raise. 
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Recommendations and Suggestions. 

By THE BOARD. 

This Board does not desire to recommend to your honorable body whether 
future irrigation work shall be carried on by means of a Board of Irrigation 
or otherwise, but we are all of the opinion that reasonable appropriations of 
money should be made, that the work may not stop where It now is, but be 
judiciously and persistently pushed forward, believing that the expenditure 
of the necessary money will be wise and judicious and for the best interests of 
the state. 
The whole subject of irrigation may be subdivided as follows: 

First, Geological. The scope of geological research includes the watei*s, 
whether flowing in the streams above ground or creeping through the sands 
and gravel beneath. The investigation, therefore, of the water supply is a 
geological question. 

Second, Mechanical. To the domain of engineering belongs the mechanism 
of lifting water, of storing and distributing it upon the surface of the ground. 

Third, Agricultural. To this department belongs the practical application 
of water to the promotion of vegetable growth. 

Fourth, Statistical. Gathering and tabulating the facts relative to the 
growth and importance of this branch of agriculture and presenting them in 
form to be grasped and understood at a glance, and in order that the legislature 
may intelligently determine whether further expenditure of the public funds 
may be wisely made in any particular direction, and if so, in what one. 

The State Board of Agriculture, through its secretary, annually gathers 
and edits, among other things, the agricultural statistics of the state, and tbis 
department should be charged with the duty of collecting and fully and in- 
telligently editing and presenting to the legislature and the people the statistics 
of irrigation. 

If it is the judgment of the legislature that an irrigation commission should 
continue the work, and there is yet much to be done, we would suggest: 

That the Board have a permanent office in the capitol at Topeka, and a 
clerk. 

That the law should be so drawn as to permit the purchase of a proper 
drilling outfit and employment of a skillful man to operate it; and the making 
of such drillings as in the judgment of the Board would contribute most to 
a knowledge of the underflow waters, and in such localities as the Board deem 
wise to bore for artesian water. 

That it should not be restricted to state school lands or any other particular 
lands in boring these wells, and should be permitted to make any advantageous 
arrangements in reference to reimbursement in whole or in part of the expense 
of drilling by the owner of the land, for after the water is tested and samples 
of the strata preserved the state w^ould have no further use for the well, and 
or other power over the well nor to construct a reservoir. 

That the Board be empowered to make experiments to a reasonable extent 
in the construction of storm reservoirs, making such arrangements with land- 
owners as they deem advantageous. — These works after they have served their 
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purpoee of experiment and the data has been preserved are not of any further 
use or money value to the state. 

That the provisions of the law be extended to the whole state. 

For many kinds of crops irrigation has been found profitable in humid as 
well as in arid countries. 

If, on the other hand, it is the Judgment of the legislature that it Is not 
best to continue an irrigation commission, we suggest that the subject be sub- 
divided and the work apportioned among the institutions of the state best 
equipped to perform it, and give to them respectively reasonable appropri- 
ations to carry on the work. 

We would also suggest that 20 acres of each 40-acre tract donated to the 
state be reconveyed to the donor: 20 acres is more than any windmill plant 
can supply water for. 

We would further recommend that at least three of these irrigation stations, 
for instance, the Sherman county station at Goodland, the Logan county station 
at Oakley, and the Wichita county station at Leoti, be turned over to the State 
Agricultural College for experimental farming with an appropriation of suf- 
ficient money to fully establish and carry on the same successfully. 

We would further recommend that three or four of the stations be turned 
over to the fish commissioner for hatcheries and an appropriation be made 
sufficient to conduct them successfully. A moderate price may be charged for 
young fish, which would go some ways toward reimbursing the state. 

Finally, we recommend that, in case of the sale of any of these plants located 
upon donated land, the land and the improvements made by the state be ap- 
praised separately, and from any bid thereon by the donor, his heirs, executors, 
or assigns, there should be deducted the amount at which the lands were ap- 
praised; or that the donor, his heirs, executors, or assigns, should have the 
option for 60 days prior to the sale to purchase the station at the appraised 
valuation of the improvements thereon. 

STATE AND FBDERAL. COOPERATION. 

The action of the legislature of 1895 in providing for an irrigation com- 
mission and making an appropriation Immediately brought about cooperation 
between the U. S. Geological Survey and the State Board of Irrigation. The 
first result was the measurement of the streams — a great work, costing the 
state but a small sum, viz., $571.51 — less than it would have cost to have main- 
tained a measuring station upon any one of the streams. This interest of 
the state in work of this character was also an inducement to the employ- 
ment of Professor Murphy in the work of measuring the efficiency of wind- 
mills, the employment of Professor Haworth in the Investigation of the water 
supply in the southwestern portion of the state, and Professor Johnson, in ex- 
tensive experiments with the under fiow in the Arkansas valley and artesian 
waters in Meade county. 

A continued interest on the part of the state would undoubtedly lead to 
further cooperation on the part of the U. S. Geological Survey, which would re- 
sult in continuing their work within our borders, from which our people would 
derive great benefit at a small cost Prior to the existence of the Board of 
Irrigation there was no authority in the state with power to negotiate with 
representatives of the federal government; after this Board expires there will 
be none. This feature of the subject is worthy of attention. 
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CONCLUSION. 

We are conscious that, were our work to be done over in the light of our 
experience, some things which we have done would be left undone, and some 
which we have not done would be done. 

The act creating our Board was the first legislative step in a systematic 
effort to solve the water problem of western Kansas, and if we had been able 
to fully understand this work from the beginning and to can*y it out to the 
perfect satisfaction of ourselves and all the people of the state, we would in- 
deed have been more than human. 

The field opened up by the act, and the appropriation made, confronted us 
at the outset with the possibility of doing a little at a great many things and 
nothing of permanent value in any one of them. 

We have, so far as in our power lay, endeavored to avoid this, and to be 
systeniatic, painstaking and thorough in what we did attempt, knowing full 
well that the completion of any portion of the work would confer a more lasting 
benefit than many things attempted and left incomplete. 

A careful study, however, of the report which we submit to your honorable 
body will furnish more accurate knowledge of irrigation by pumping, the 
extent of the western underflow waters, and of the means and cost of raising 
them to surface and applying them to the lands, and general information in 
reference to the problems which will confront the settler who expects to in- 
clude in his operations the irrigation of a portion of his land, than can be found 
in previous literature upon the subject. 

The history of the stations will warn him of the difficulties in his path, help 
him to avoid them, will instruct him how to put down a well, how to build a 
reservoir, give him valuable hints as to pumps and power best suited for his 
purposes, how to combine them, and knowledge of the quantity of water he 
may reasonably expect from the plant he proposes to put in. 

Our statistics give the testimony of nearly 2,000 men actually engaged in 
practical irrigation, as to the returns which may be expected from irrigated 
lands. 

Our reports upon pumps, powers, and windmills contain much new informk- 
tion on these subjects. 

The measurement of the streams flowing out of the territory presents 
accurately tor nearly two years the quantity of water going to waste within 
our reach. 

The report of the geological study of the underflow water conducted under 
the personal supervision of Professor Haworth, of Lawrence, one of the ad- 
visory members of the Board, is the most valuable and exhaustive contribution 
to the literature of this subject which has so far been given to the public. 

NO INTENTION TO CRITICIZE. 

In nothing that has preceded has it been the intention to criticize the Irri- 
gation law, chapter 162, Laws of 1895, or to reflect in the slightest degree upon 
the wisdom or judgment of the framers of that act. In fact, the longer this 
Board has had to deal with it and to labor under it, the more it has become 
impressed with its breadth and comprehensiveness. If it be the intention of 
the legislature to continue an irrigation board, a law can be framed with this 
one as the foundation, altered and amended as experience has indicated, which 
will be as all laws ought to be, the "perfection of human wisdom." 
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TRANSPORTATION. 

The Board makes acknowledgment to the officers of the Santa Fe, Missouri 
Pacillc, Union Pacific and Chicago, Rock Island & Pacific Railway Companies 
for free transportation furnished to them, and in many instances to their as- 
sistants and employees, during 1895 and 1896. The transportation thus fur- 
nished has been a direct contribution to the fund, as the law gives the members 
of the Board no mileage, but each is entitled to "actual expenses for trans- 
portation in the discharge of his duties." All of which is respectfully sub- 
mitted. 

GEO. T. FAIRCIIILD. 

ERASMUS HAWORTH. 

D. M. FROST. 

M. B. TOMBLIN. 

WM. B. SUTTON. 
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